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INTRODUCTION 


This bulletin gives the results of our studies on typhoid fever 
in the District of Columbia during 1907. Our first report on this 
subject, for the year 1906, is contained in Hygienic Laboratory Bul- 


' letin No. 35. 


This year our studies included epidemiological investigations of 
the disease during the typhoid fever season, daily bacteriological 
examinations of the raw and filtered Potomac River water, bac- 
teriological and chemical examinations of many hundreds of samples 
of the Washington milk supply, laboratory tests to assist in the 


diagnosis of the disease, and examinations of specimens in a search 


% 


fe 
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for bacillus-carriers, etc. 

Thus far our studies indicate that typhoid fever will cease to be a 
“problem” in any community having clean water, an uninfected 
milk supply, and in which cases of the disease are treated as danger- 
ous and contagious. 

Certain improvements in the situation should be noted. The 
shallow wells have been closed, and during the summer of 1907 
filtered water of good sanitary quality was supplied the city of Wash- 
ington. Bills have been introduced into Congress with the object 
of improving the milk supply. The sewerage system has been prac- 
tically completed. Laws are being enforced for the condemnation 
of insanitary dwellings, and to effect other improvements in the gen- 
eral sanitary conditions. 

The case and death rates for typhoid fever in the District of 
Columbia in 1907 were lower than recorded for any previous year. 

The improvement in the typhoid fever situation within certain 
limits should go on from year to year. The price of such improve- 
ment, however, will be well directed and unceasing efforts on the part 
of the local authorities, with the cooperation of the medical profes- 
sion. The water must remain of good quality, the market milk must 
be improved, and a greater regard must be had for the contagious 
nature of the disease. 

Attention is called to certain modifications in chart No. 4 of Bul- 
letin No. 35, rendered necessary by a reexamination of the records 


_ of the health office. Chart No. 3 in this report is based upon records 


furnished by the health officer and gives the corrected curve of the 
seasonal prevalence of typhoid fever in previous years. 
(9) 
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We have again profited by the cooperation of ) 
the health officer of the District of Columbia, and- 
the filtration plant. We are indebted to the hospi 
city and to many physicians for help in the epidemi 
In drawing up the conclusions and recommendat 
we have had the benefit of consultation with the ad 
the Hygienic Laboratory, composed of eminent sciel 
tarians. This privilege is appreciated, and we desire 
the help we have received from the members of the board col 
and individually. Beer 
M. J. Rosenav, — 
Director Hygienic Laboratory, Ch 
L. L. Lumspen, 
Passed Assistant St 
Josep H. Kastt 
Chief of Division of Chemistry, Rec 
United States Public Health and Marine-H ospite 


k REPORT NO. 2 ON THE ORIGIN AND PREVALENCE OF TYPHOID 
FEVER IN THE DISTRICT OF COLUMBIA. 


(1907.) 


Our study of the prevalence of typhoid fever in the District of 
Columbia was resumed in May, 1907, and all cases reported to the 
health office from May 1 to November 1 have been investigated. Six 
hundred and seventy-five cases were reported in this period. In 
regard to five of these cases no accurate information could be obtained, 
‘so they were abandoned, leaving 670 cases for consideration in this 
report. 


DIAGNOSIS. 


It was not practicable for us to study the cases in clinical detail, 
but judging by the histories obtained in some instances, we are of 
the opinion that quite a number of the cases were incorrectly diag- 
‘nosed and should not have*been placed on the records as cases of 
typhoid fever. However, as the percentage of error in diagnosis was 
probably no greater this year than in previous years, and in order 
that our figures for this year should be comparable to those for 
previous years, we have included in our epidemiological studies every 
‘case reported as typhoid fever by the attending physician. 

- With a view to forming some idea of the amount of error in 
diagnosis, we examined the blood of 27 cases reported as typhoid 
fever between March 4 and December 2, 1907. Five cubic centimeters 
of blood were withdrawn from an arm vein and planted at once into 
10 c.c. of sterilized ox bile. This was incubated for 24 hours, and 
: ubeultures made upon Endo and other media. This part of the work 
was done for us by Passed Assistant Surgeon A. M. Stimson, in the 
Division of Pathology and Bacteriology “ the Hygienic Laboratory. 
The following is a summary of the results: 


non specimens, examined ____-—--_-___-__----_----- 2 


Specimens in which B. typhosus was found___—-_--------- 
Sp ecimens in which B. paratyphosus A was found___~-~~~- $ 
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Positive 2. WW 282 eee eee 2 = 28. 5 per cent, 
Cases from which blood was taken in second week ———~—~-——~ S 
Positive i222 a ee 2 = 25. 0 per cent. 
Cases from which blood was taken in third week _—~--~~-~- | 
Positive ...-2 0 oo eee 3 = 75.0 per cent. 
Cases from which blood was taken in fourth week __— ~~~ 3 
2 = 66. 6 per cent, 


Positive —.. 2.2. eS eee 2 


) 
Positive ._..--. Ses eee ee ee ee eee 


Of the 27 cases examined probably a definite proportion were not 
typhoid at all, for many of these tests were made at the request of 
physicians in doubtful cases to clear up difficult diagnoses. Three of 
the cases, after being reported, were determined clinically not to have 
been typhoid fever. Further, it was not practicable to make more 
than one examination from each case. We now know that 5 ec. ¢. of 
blood is not always sufficient to demonstrate the presence of the 
typhoid bacillus at a single examination. In one of our cases 10 ¢. ¢. 
of blood was taken and divided into two portions. One portion 
remained sterile, while the other gave a pure culture of the typhoid 
bacillus. . 

In each instance the identity of the bacillus was determined by 
complete cultural and agglutinative tests. 

Excluding the three cases clinically determined not to have been 
typhoid, the percentage of instances in which the bacillus was recov- 
ered is brought up to 37.5 per cent. Judging by the results of other 
investigators, the method followed in making these blood examina- 
tions should have demonstrated the typhoid bacillus in a larger per- 
centage of instances if all of the 27 cases had been typhoid fever. 

The number of cases of typhoid fever in the District of Columbia 
which are unrecognized and not reported probably exceeds consid- 
erably the number reported as typhoid fever under mistaken diag- 
nosis. Thus, error in diagnosis alone makes it impossible by epi- 
demiological investigations to account for a considerable number of 
cases. All data obtained in regard to cases reported as typhoid 
fever but which are not are misleading and so obscure the general 
problem. Spread of infection directly by contact or indirectly by 
persons, flies, milk, etc., from cases unrecognized and unreported 
cannot be determined, especially in a large community. 

From the standpoint of prophylaxis, the unrecognized cases are, 
of course, more important than the cases erroneously reported as 
typhoid fever. In order that the actual prevalence of typhoid fever 
in a community may be determined and that proper measures to pre- 
vent the spread of the disease may be carried out, the correct and 
early diagnosis of all cases is of fundamental importance. 
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TYPHOID FEVER CASE CARD. 


In our study of the cases the following form was used, and all 
facts called for by this form were carefully investigated for each 
ease. This form varies somewhat from that used last year. 


Public Health and Marine-Hospital Service—HUygienic Laboratory. 


TYPHOID FEVER CASE CARD, 


Date of investigation, ——-—. Case No. ——. 

Name, 

Ase, ——. Color, —. Sex, ———. Nationality, ———. 
Probable date of onset, ————. Date definite symptoms, ——-—. 


Name and address of physician : 
RESIDENCE. 


months. 


Resident of District of Columbia, —— years, 
Residence when taken sick, — ; from ——— to 
Previous residences, ; from — to 
Subsequent residence, ————; from ——-— to ———. 
Temporary absences from District of Columbia within 30 days prior ‘ 
Number of occupants, Ages, 
» Number of occupants who have had typhoid, ——. When, ———. 
Newcomers in house within three months prior, 
Newcomers in house had typhoid? 
Servants, —— 


—_ 


White— 
Resident, ——. Typhoid? 
Nonresident, ——. Typhoid? 
Colored— 
Resident, ——. Typhoid? — 
| Nonresident, Typhoid ? ————. 
Typhoid at homes of servants, ————. When? 
_ Disposal of sewage, Water-closets in house? 
_ Water-closets in yard? ——. Privy? ——. Location, 3 
_ General sanitary condition of residence, ———. 
. 
j OCCUPATION. 
Place, ; from to ———. 


Other cases: 
WATER WITHIN THIRTY DAYS PRIOR. 


. solely ; principally. 
a occasionally. 
FOOD WITHIN THIRTY DAYS, 
Where taken, fi 
Milk (how used), ———; from 
¢ Boiled? Pasteurized ? 
Ice cream? —. Where? — 


‘Uncooked fruits and vegetables, 
‘Shellfish, ; 
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CONTACTS, 


Association 80 days prior with patients in febrile stage, ———. 

Association with suspected cases, 

Association with persons w ho have heal typhoid within 6 months, ———; 
1 year, ———; 2 years, ———; 3 years, —; 4 years, ———; 5 years, © 


Association 30 days prior with persons in contact with patients in febrile 
stage, 

Treatment of stools and urine of patients, 

Other precautions, 

Remarks: 

Summary : 


(Signature of investigator. ) 


IMPORTED CASES. 


In determining the number of cases in which the infection was con- 
tracted: out of the District of Columbia the same method, but with a 
little more detail, was adopted as in our study of the cases reported 
from June 1 to November 1, 1906, and as published in our previous 
report.@ 

The cases fall under the following heads: 


Cases 

(a) Infection undoubtedly contracted out of the District of Columbia_____ ye 

(b) Infection probably contracted out of the District of Columbia_-______ 30 
(c) Infection contracted in or out of the District of Columbia, chances 

SHOUT eine: : a= 23-5) 20-38 40 

(d) Infection undoubtedly contracted in the District of Columbia___-____ 363 

(e) Infection probably contracted in the District of Columbia____----____ 120 

OGa) a2 oe Sky mat pao ria Lee 670 


Considering the cases on the heveuetae of chances of the infection 
having been contracted out of the District of Columbia, they are as 
follows: 


Cases 

(a)° 117 cases, chances 100 per cent ____----_._____=)_ 2. aa 117 
(6b) 30 cases, chances 75 per cent _.._.-..-____+__2_ = 22 
(c) 40 cases, chances 50 per cent______- oe ee ee ee 20 
(d@) 363 cases, chances 0 per cent ___.-_.-._--___ = ae 0 
(e) 120 cases, chances 12.5 per cent _.___-_._-__ 255) lo ee 15 
GTO cases. Total__.__.____ 3 174 


On this estimate, about 26 per cent of the cases investigated con- 
tracted the infection out of the District of Columbia, as against about 
15 per cent of the cases studied by us in 1906. | 

In estimating the chances of contracting the infection out of the 


District, the time element was given the greatest consideration, but | 


the prevalence of typhoid fever in the communities visited and known 
exposure of the person to infection while away were also taken into 


“Bulletin No. 45, Hygienic ranorkione: P. H. and M. H. S. Report on the 
Origin and Prevalence of Typhoid Fever in the District of Columbia, 1906, 
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account. It should be borne in mind that the number of imported 
cases in a city is probably wholly or partly offset by the number of 
‘eases which contract the infection in the city and develop the disease 
elsewhere. 

No detailed epidemiological investigations were made of the cases 
which were considered as certainly or almost certainly having con- 
tracted the infection out of the District. Therefore, most of the 
- data in this report refer to the 523 cases comprised under c¢, d, and ¢@ 


- of the above classification. 
5 SEX. 


Of the 523 cases, 304 occurred in males and 219 in females. Males 
compose about 48 per cent and females about 52 per cent of the popu- 
lation of the District of Columbia: 58.12 per cent of the cases were 
among males, showing, as was the case in the group studied by us in 
1906, a relatively slightly higher typhoid fever morbidity rate among 
the males. 

Two conditions, perhaps, contribute to the higher rate among the 
males; first, due to habits of occupation, etce., men are more exposed 
to infection, and, secondly, during the summer months, when the 
‘disease is most prevalent in Washington, a relatively larger num- 
ber of women than men leave the city. 


= ee ee ee 


RACE. 


7 Three hundred and eighty-seven, or 74 per cent, of the cases were 
among whites, and 136, or 26 per cent, among negroes. According 
to the police census for the spring of 1907, the population of the Dis- 
trict of Columbia consists of 233,403 whites and 96,188 negroes, a 
total of 329,591. Thus negroes compose 29.18 per cent of the popu- 
lation, while the cases of typhoid fever among them composed 26 
per cent of the total number investigated, showing a relatively some- 
what lower morbidity rate among negroes than among whites. <A 
‘discussion concerning the marked decrease in the morbidity and 
mortality rates in the negroes during the calendar year 1907 will be 
found on page 22, under “ Prevalence.” 


a 
: AGES. 


A The following table gives the cases classified by age and sex, along 
with the population of the District of Columbia in 1900 (U.S. Cen- 
sus Report) : 


Number of cases. Population, 1900. | Ratio of 


Ages, years. | a easily 

Male.| Female.| Total. | Male. | Female.) Total. oe tomy 
EE SE a ee pee td | 11 22 11,683 11, 467 23,150 1-1,052 
| a ace eee | 48 33 81 |.11,708 | 12,023 | © 23,731 1- 293 
eee 47 50 97 , 10,953 11,781 22,734 1- 234 
Sa 41 33 74 | 71,862 | 18,452) 24,814, 1- 385 
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Number of cases. Population, 1900. Ratio of 

Ages, years. fi 2 er. [os fs, a 

Male.| Female.| Total.| Male. | Female.| Total. rs! 

7 oy, BRU Ply leh iS ig): 51 28 79 | 18,774 17, 736 31,510 1- 398 
aries oe 2 Sa Soe ee ee Se 27 7L | 18,345 16,410 29,755 1- 419 
ot SE Ae re ee a aerate ee 27 13 40 | 11,911 12,857 24,768 1- 619 
Gren ae ee See le aaa TS ee od 17 19 27 | 10,409 11,472 21,881 1- 810 
og SL Ae he AS Pe 3 4 7 | 8,679 9,255 17,934 1-2, 562 
a ee eee | 8 8 16 | 6,876 | 7,750 | 14,6296| 1- 914 
Oe aR Le, eh a a ee 2 0 21 6,371 6,928 | 13,299] 1-6,649 
AST Met 2 tee eee re i ee 2 1 3 5,285 5,001 10,286 1-3, 428 
ace ge ee ee nn. oe A ee 2 0 2] 4,123 4,078 8,201 1-4,100 
eee be ies NOT is Shin ee E 0 0 0 2,431 2,604 Lo 21 eh [eas a el 
Pie one ee ee oe An if} 1 Zz 1,611 1,829 3,440 1-1, 720 
Fe etl eaae ale Fir *s | het ete 0 0 0 796 1,049 |” © “gaigete eweten $ 
IO Fe oe i a ot ok oe ea Fag 0) 0 0 sol 567 Ss Rel bees we LP 
S| ig Me ee an ee care Te ae eee 0 6 0 132 206 it i ae 
GOEOE. aes ne ce See ee ee) eee 0 0 0 26 73 OF 5) eee 
95-99. _____ msde Shas oN te fee 0 0 0 10 29 SO! pee eee 
100 and Over:.-- 222 4.22 eee 0 | 0 0 6 14 20 oS ee 
Apemnknowi-. 2: 5 S22 2. ee een 0 | 0 0 162 133 295 |e eee 
Gatch No tty eer eat 208 219 | 523 |132,004 | 146,714 | 278,718 |_--------- 


The youngest person affected was 2 years and the oldest 73 years of 
age. As the cases occurred in 1907 and the census was held in 1900, 
the figures are not strictly comparable, but serve as a fair basis for an 
estimate. It will be noted that the largest number of cases propor- 
tionate to population occurred among persons from 10 to 14 years of 
age, and the next largest among persons from 5 to 9. Thus, our 
studies for the two years show that the opinion usually held that 
typhoid fever is most prevalent among persons in early adult life 
(20 to 30 years) is not true for the District of Columbia, the disease 
here being most prevalent among children. As typhoid fever in 
children is frequently mild and irregular, many cases are not recog- 
nized. Therefore it is probable that more cases than the table indi- 
cates actually occur in persons under the age of 15 years. 

By decades, 103 of the cases were under 10 years, 171 between 10 
and 20, 150 between 20 and 30, 67 between 30 and 40, 23 between 40 
and 50, and 9 over 50. 

The rather large proportion of cases among children points espe- 
cially to two factors in the transmission of the infection of typhoid 
fever—contact and milk. Large numbers of children from many 
households are in free and intimate association in playing, so that 
the chances of spread of infection among them by direct or indirect 
contact must be greater than among adults. 

Furthermore, mild and irregular ‘attacks of typhoid fever are known 
to occur with greater frequency in children than in adults, so that the 
spread of infection by contact from unrecognized cases among: chil- 
dren must be correspondingly more frequent. 
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Children drink more milk than adults, so that where milk is a 
frequent source of infection a relatively large number of cases among 
shildren may be expected. 
In considering the number of cases among children in a commu- 
nity where typhoid fever has prevailed extensively for a number of 
years, we have to take into account that a proportionately larger 
number of adults have been rendered partially or completely immune 
by previous infection. 

Contact between child and child and between child and adult is of 
1 close and intimate nature, and such as to favor the spread of the 
infection of typhoid fever. Considering this fact, along with the 
known extensive prevalence of the disease among children, we have 
1 possible explanation of the spread of the infection to many of the 
sases unaccounted for by epidemiological investigations, thus robbing 
he general problem of some of its mystery. Koch found that 49 of 
he 64 unrecognized cases of typhoid fever at Trier occurred among 
shildren. (Die Bekimpfung der Typhus, Berlin, 1903.) The large 
number of cases among children emphasizes the importance of keep- 
ing this factor in mind in carrying out practical measures to prevent 
the spread of the infection. 


NATIONALITY. 


In the following table is given the nationality of the cases along 
with the number of foreign born in the District of Columbia for 1900, 
uccording to the United States Census reports. For some of the 
nationalities the population no doubt has changed considerably since - 
1900, so that the figures in the table are not strictly comparable. 


Number of 


foreign- 

born in 
Nationality. Number | District of 

=“! Columbia, 

census of 

1900. 

eee ere) oe Se a MOG V2 eee 
Ir eee ene a a ee il 88 
Ee SS SS ea a i ee SA 3 2,299 
I a rr oe 5 5,857 
a ee es Se St ea zt 48 
greta 2 SS 9 a Le 5 6,220 
aaah Sa el Fa aa ee 11 930 
Russian SR ee eee eee eee 1 807 
aa ln ST hele Ii eae eee 2 SS ce a a ga i 234 


SS ae 2 Sg OTe, Se) SEER OO Ree ELS ISS RO Ree 
a 40219—O8 2 


es 
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LENGTH OF RESIDENCE. 


The length of residence in the District of Columbia of the person 
affected was as follows: 


Length of residence: Cases, 
Under six months... eo ee a ee 20 
6 months to 1 year_______ = 15 

1 to 2 years___.____<__- 1 2 -Les  aeeeeeee 28 
SED > SS UT oe a ee Pict see 2. eee 16 
838 to 4 years_.___..-2-. ++. o 2-2 a ee 19 
to. 5 years... -. 2 +s 17 
eo SO WOR PR. os oe Ren 7 Waa ++ eee 62 
a PO ly VOR S. nee ee Lo en eee ene eee a 26 
15°10" 20 “years—= =! 2 ots Cee _ - oe oo 16 
Ze tO! BOCRORES Sse eee E a5 582% _ jo 18 
a0 10-40 eaten 2s ae Woes eee ee ena e Sbeee ; 
40) 10 Ge ompearne. ot 2 Pars thant ee re 4 
imh-to: 60; reare ee ee ele ee ee eee 1 
TANG 6. 2's ees oe - Jpn ee sl ee 239 
Mot’ determined 2. 2 rs s ae _ ee ee 35 
523 


The ages of the 239 life residents of the District of Columbiag 
affected were as follows: 


Ages: : Cases, 
Oto 4 years: _..-i_--_-__.-..-.___ 1. eee 19 
5-to -9 years 2. eon n ele a pee $e 55 

$0 to: 14 gentae 2 fos gs no een lee ul lee 67 
15 to 19 years_ se Deakin Se JET Ses eee iS 38 
20 to 24° years 2-2 mee ne eee ee eee 23 
25 to 29 years__.___ 27 
OD te Beenie 2 bebe ee Pee podebL. Loser 8 
a5 to 39 years_25 ____-__2_2 = ee T 
40 to 44 years..._._--_.__.-.-= +i _ eee ee 1 
45 to 49 years______________.-_-__.4.-._-__ eee ¥ 

239 


Nearly 50 per cent of the cases were among persons who had 
resided in the District of Columbia all their lives, so the disease can 
not be considered to have prevailed to any very unusual extent 
among newcomers. However, it should be noted that the number 
of cases, 115, among persons who had resided in the District less 
than five years was nearly twice as large as the number, 62, among 
persons who had resided in the District for five to ten years, and over 
four times as large as the number, 26, among those who had resided 
in the District from ten to fifteen years. | 

In considering these figures we should take into account that the 
transient element of W ashington's population is rather large, and 
that among persons who have lived in the District less than ten years 
there is, of course, a large proportion of children, 
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PREVALENCE. 


~The following table shows the cases according to dates of definite 


set : 
Day of month. May. June. | July. ) August. September. October. 
‘ anes 

a Sa 2 | 0 0 | 11 ) 5 
a 1 0 | ty} 5 ) 8 
eae 2 0 1 6 3 3 
a 1 1 | 2 6 5 3 
ee 2 2 | 3 ij 3 2 
SE 0 0 | 3 2 { 2 
Le ea 0 1 | 3 6 4 3 
ES 0. ey 3 | 9 i 2 
a Se 1 | 2. | 5 4 2 2 
ST See 3 | 2 | 6 7 u 6 
ee O- 1 2 | { 1 1 
oe 1 2 3 | 8 2 2 
te 07 3 Aa 11 3 4 
ee 2 | 0. 2 6 | 2 3 
Re eee 0 | 0 3 rh 3 6 
eo Oe ey 2 | a 3 | 2 3 
a as ee 1 | 2 | 2 5 4 | 3 
ee oO 1 3 10 4 | 0 
en es 1 0 4 2 5 | 0 
a 1 3 5 5 8 | 7 
LL ah | o 1 3 5 4 | 2 
ES ee 0. O° 1 5 3 1 
0 0 2 7 1 1 | 0 
Se es 0 | 2 1 3 i 1 
ot Ayla 1 3 7 6 6 0 
a aaa 1 3 3 2 1 | 0 
7 a A 2: | 3 7 ay 4 | 0 
os op eigenen 0 2 7 5 | 6 0 
ee 3 2 7 5 2 0 
ae eee 1 1 1 2 | 3 0 
ee Gites. 3 Acie bts, Beas 0 


As in our previous report, the cases are tabulated and charted ac- 

cording to date of onset of definite symptoms, it having been found 
again that in the majority of instances accurate statements as to date 
of onset of the first slight symptoms could not be obtained. 
_ The following table shows the progress of the disease as indicated 
by dates of onset of the cases in periods of a half month. The num- 
4 of cases for corresponding periods in 1906 are placed in a parallel 
olumn: 


Cases. 
Periods. <a ae Rac 
1 1907. 1906. 


february meu IPOUTM Petes ses eee ee vals ee a eee Lael 2 gal ae 
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Cases. 
Periods. 

1907. 1906 
May 16 to 81, complete. ______3-- sa a ek a eee 19 ee 
June 1 to 15, complete... = 2 = ee oo en eee 15 
June 16.to.30, complete. -s-- 2 ee a ee ee See 27 
July 1 to 15,-camplete...._. 5-22 eS Se eee 39 
July 16 to $l, complete. 2. 22+_--) le ee ee eee 63 
August 1 to 15, complete... = 22 eB a ee eee 99 
August 16 to 31, ecomplete.._.._.- =< =. ee 0  _ eee 67 
September 7'to 15, complete......2- 22-5 ne ee eee ‘Bd 
September 16 to.80, complete... .-..-.-5 22 a eee 54 
October 1 to'15, incomplete. -_.... si: _ 2.2. ee eee 452 
October 16'to 81, Incomplete..__-=--- +... ee eee a17 


“Completed figures for October, including cases reported subsequent to November 1 
are: October 1 to 15, 64; October 16 to 31, 42. 

The rate began to increase in the latter half of June and gradually 
rose through July and the early part of August, reaching its maxi- 
mum about the middle of August and then rather gradually declined 
through the latter half of August and through September. A com- 
parison of the rates for the summers of 1906 and 1907 shows that in 
1907 the increase in the rate was somewhat later, decidedly less, and 
with a rise and fall more gradual than that of 1906. (See Charts 
Nos. 1 and 2.) The total number of cases occurring in June, July, 
and August, 1907, was 310, while the total for the corresponding 
period of 1906 was 505, a difference of 195 cases. During the winter, 
spring, and fall seasons the rate of prevalence for the two years was 
about the same. (See Table, p. 23.) 

The results of our investigations suggest that the lower rate for 
the summer of 1907 for the most part was not due to a decrease in the 
operation of two known factors in the spread of typhoid fever infec- 
tion, viz, milk and contact.. Of the 505 cases in the summer months 
of 1906 there were 48, or 9.5 per cent, that occurred in the course of 
two pronounced milk oe and were attributed to infected milk. 
Of the 310 cases in the corresponding period of 1907, 28, or 9.03 per 
cent, occurred in the course of a pronounced milk outbreak and were 
attributed to milk infection. | 

Of the 747 cases investigated by us and considered as having con- 
tracted the infection in the District of Columbia in 1906, 7.3 per cent 
were fairly definitely attributable to infection by direct or indirect 
contact; while of the 523 cases in 1907, 19 per cent were fairly defi- 
nitely attributable to infection by direct or indirect contact. ‘Thus, sc 
far as the results of our investigation indicate, milk as a factor in pro- 
nounced outbreaks operated Telatieety to about the same extent 
during the two summers and contact operated as a factor relativel 
to certainly as great an extent in the 1907 period as it did in the 190¢ 
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- That the difference in prevalence of typhoid fever in Washington 
for the two summers was probably not due to a difference in tempera- 
ure or humidity is indicated by reports from Baltimore that typhoid 
fever was fully as prevalent in that city in the summer of 1907 as in 
that of 1906. The rise in both cities was belated in the summer of 
1907. 

So far as can be judged by reports received from various cities 
there has been no material difference in the prevalence of typhoid 
fever throughout the country during the two years. In some places 
there has been more, in others less, and in some about the same during 
the two years. 

In the 1907 period there was relatively a considerably smaller 
number of cases among the wealthy class of people than in the 1906 
period. Maps 1, 2, 3, 4, 5, 6, and 7 show the distribution of cases by 
place of residence when the disease was contracted. A comparison 
of these maps with those showing the distribution of the cases studied 
in 1906 (see Bulletin No. 35) shows a somewhat less uniform dis- 
tribution of cases during the half monthly periods of 1907. In 1907 
there was a quite general distribution of cases throughout the city, 
but in proportion to population there was relatively a larger number 
of cases in the more unhygienie sections of the city. 

Therefore, it appears from our observations this year that typhoid 
fever may be quite uniformly and generally scattered throughout a 
large city having water of good sanitary quality, so far as can be 
judged by our present bacteriological standards. It has been assumed 
that a more or less widespread and uniform distribution of an in- 
fectious disease like typhoid fever points to a common’ factor, such 
as infected water. Whether this general distribution was due pri- 
marily to contaminated water in previous months or years, or to other 
causes can only be determined by future studies. 

Tie Government Hospital for the Insane, with a population of 
about 3,000 but with artesian well water, pasteurized milk and gen- 
erally good sanitary conditions, again this season remained free of 
infection. One case occurred among the employees of the institution, 
but this case was a man who made frequent visits to, and took meals 
at his home in, Washington. 

The total number of cases of typhoid fever in the District of Co- 
lumbia reported to the health office during the calendar year 1907 
was 945 as against 1,126 for the calendar year 1906. Thus, the ty- 
phoid fever morbidity rate in the District of Columbia for the calen- 
dar year 1907 was 2.87 per 1,000 of population, or one person in 
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every 348; while in 1906 the morbidity rate was 3.45 per 1,000, o 
one in every 289. 

‘The number of deaths from typhoid fever in the District of Colum- 
bia during 1907 was 114, being a death rate of 34.5 per 100,000 of 
population, as against 49.3 for 1906. The percentage of deaths to 
cases (mortality rate) for the two years was as follows: 


: ss 
Year. White. “Colored Total 
BOOT 5 ee et eS oe Ee re a eee | 10.4 | 17.6 12.0 


MOOG = 25. 5. Seo see ec ee ee ee | 10.3 | 24.2 14. 


Thus the mortality rate was higher in 1906 than in 1907, and as 
the rate for the whites was slightly lower in 1906 than in 1907, the 
higher rate in 1906 was due to the higher rate among the colored. 
As the mortality rate for the whites was about the same for the 
two years, it does not seem probable that the lower rate for the col- 
ored in 1907 was due to the occurrence of a milder type of infection 
in Washington during that year. From what we know of the facts 
the difference was not due to improvement in the treatment of cases 
in 1907. Therefore it seems that the different rates among the col- 
ored for the two years may have been due to difference in percentage 
of error in diagnosis and report of cases. 

The et es rates for the other three years of which there is 
record were as follows: 


Year. White. | Colored.| Total. 
VO03. 5 se nt eh a ee ee 10.69) 19.35 12.98 
AGQ4 3S Se a Eo ee a 10.89 22.42 14.01 


TOO! - 2. 28 22 Se ee a ee eee ee 11.66 16.33 12.94 


The rate among the whites during the five years is seen to be fairly 
constant, while among the colored it varies considerably from year 
to year. Probably the lower figures more nearly approach the actual 
mortality rate among the negroes, and in those years in which the 
figures are high it is likely that the proportion of cases reported to 
the number which actually occurred was relatively low. This is 
based on the assumption that typhoid fever may not show marked 
variations in virulence from year to year among the colored people 
in an endemic area. 
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In the following table is given the number of cases and deaths 
from typhoid fever in the District of Columbia reported by months to 
the health office during the calendar years 1906 and 1907: 


yl : 


— 
Oases. Deaths. 
Month, White. | Colored. | Total. White. | Colored. | Total. 
1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. | 1907. | 1906. 1907. | 1906. | 1907. 
| | | 

etiary.._._____-_._.. at |S). fear os! 5} 6| 1] 3 oar 7 
tary... ..-.....---. 15 28 6 a oot | 39 2 3 2 3 | { 6 
come) 4 Re me eds a4 ely oe! sp al. 6 4 
| SS ee Rome te 201 46\ > 1) 8B. 28 2 ; 2 gi 4 6 
eee 196 TA gee ie a me a a a 5 | O37 7 
a 32 | 380) 26 EhaesGO es BE. Mee 7 5 9 2 
493! 61| ‘s8| 21]. 181| 92 7 6| 14 | 24 10 
> Se | 900! 145) 98| 46] 298] 191| 15] 13| 17 5| 32 1s 
meeember...__....-_-._. | 105 | 146 44 41 | 150! 187 10 13 10 n 20 17 
| a | 4299| 102] 43| 47] 11 | 149] 16| 12| 12 7| 28 19 
meevermmber___.___.._____.. 57 | 68| 25 19 82 | 87 11 8 8 3 19 11 
Beeemper. = 3... 38 35 8 5 46 | 40 : 2 5 y 2 4 7 


SS 796 | 735 | 3380] 210 1,126 | 945| 8s2| 77} 80} 37| 162] 114 
| | | 


As this table gives the cases by date of report of cases to the 
health office, which date is usually two or three weeks (and often 
more) subsequent to the onset of illness, and as it includes imported 
cases, it shows but roughly the actual progress of the disease in the 
District of Columbia. Table on page 19 is much more accurate in 
this respect. The above table shows that the number of cases and 
deaths from typhoid fever reported among the negroes in 1907 was 
much smaller than in 1906, a large part of the difference in total 
eases and deaths for the two years being due to the lower rate for 
the negroes in 1907. It is interesting to note that the dispropor- 
tionately small number of colored to white cases in 1907 was among 
cases reported in the winter, spring, early summer, and late fall 
months—that is, out of the season in which typhoid fever has in the 
District of Columbia its greatest prevalence (by report of cases), 
namely, in July, August, September, and October. Thus, in 1907 
there were reported in the eight months of January, February, 
March, April, May, June, November, and December 281 white cases 
and 58 colored cases, or a ratio of 1 colored to 4.8 white cases, while 
in the four months of July, August, September, and October there 
Were reported 454 white and 155 colored cases, a ratio of 1 colored 
to 2.9 white cases. 

_ In 1906 there was no such striking difference in the proportion of 
colored to white cases for the two corresponding portions of the year. 
Thus, in the eight months of January, February, March, April, May, 


June, November, and December, 1906, there were reported 239 white 
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cases and 92 colored cases, a ratio of 1 colored to 2.4 white cases 
while in the four months of July, August, September, and October, 
1906, there were reported 537 white and 238 colored cases, a ratio of 
1 colored to 2.2 white cases. In 1905 the ratio of colored to white 
cases for the first of the above periods was 1 to 2.9, and for the second 
period (July, August, September, and October), 1 to 2.5. 
Considering these facts, it is evident that during the cool weather, 
or what may be called the off season for typhoid fever in Washing- 
ton—that is, in January, February, March, April, May, October, 
November, and December, of 1907, the factors which operate to 
cause typhoid fever in the District of Columbia fell either dispro- 
portionately heavily upon the whites or disproportionately lightly 
upon the colored. In 1907 we investigated only the cases reported 
from May 1 to November 1, and as the marked disproportion in the 
cases reported among whites and colored was principally in the 
months not covered by our studies, we have no data of our own on 
which to base an explanation of this most remarkable occurrence. 
For a discussion of seasonal prevalence in relation to water borne 
typhoid see page 45. | 


SANITARY CONDITION OF RESIDENCES. | | 


In the following table is given the general sanitary condition of 
the residences at which the patients had lived when the infection 
probably was contracted, the condition of residences of cases studied 


. 2 . . 7 
in 1906 being placed in the parallel column : | 
Number of | 
; cases. 
Condition of residence. 
1907 1906 

GOOG Oi eo eee ee ce Se Re eee ee oe 98 253 
Hairly: 000! 9.2. 2225 2ce eek see ne oe eee + 228 248 
RAphersead G22. oe oe ecee edna Sb Seeded eestor 140 158 
iad @220 Fos sb ee ee ee ee ee 57 9% 
Wot determined 4. ..... ns he ei eee ee eee 0 5] 
523 74! 


«The definitions of these terms correspond to those used in our previous report (Bulletin 35), 


The percentage of cases among persons at residences of these fow 
classes for the two periods was as follows: 


Percentage of 


Condition. Parr 

1907. 1906. 

GOOG oe oe nn en ne ne eh ee eek bob nen eee ee 18.7 33. 
MMITIY. DOUG eo oa oe ener ein gaa Sines eapeene lca ee 43.5 32. 
matver bad... ....-- ope pem cine mane Hate deeb oh we el | 26.7 21, 
) Yn ee ce SMe ar Am merce | 10.9 12, 


‘25 


ae 


The proportion of cases among persons living at residences of 
5 5 
which all the sanitary conditions were good was considerably smaller 
> . 
during the 1907 period than during the 1906 period; but again this 
year a majority (about 62 per cent) of the cases occurred among 
persons living at residences of good or fairly good sanitary condition. 


DISPOSAL OF SEWAGE. 


Of the 523 cases, 462 were among persons living at residences con- 
nected with the city sewerage system and at which there were water- 
closets, 56 at residences not connected with the city sewerage system 
and at which there were box privies, 1 at a residence from which the 
water-closet discharged into a subsoil cesspool, 1 at a residence hav- 
ing neither water-closet nor privy, and 3 at institutions not connected 
with the city sewerage system but having water-closets which dis- 
charged into local sewerage systems. 

Of the 462 cases occurring at residences connected with the city 
sewerage system, 212 were at residences having water-closets in the 
house only, 163 at residences having water-closets in the yard only, 
and 87 at residences having water-closets in both house and yard. 
As in the 1906 period, there was no unusual prevalence of the disease 
among persons living at residences not connected with the city sew- 
erage system and at which privies or other local means of disposing 
of sewage were in use. Thus, in the 1907 period 88.3 per cent and 
in the 1906 period 90 per cent of the cases were at residences connected 
with the city sewerage system and supplied with water-closets. 

Of the 56 cases occurring at houses at which privies were in use, 15 
were secondary cases and attributed to personal infection from cases 
‘in the same house or in a house nearby. 

The danger of the spread of the infection by flies, ete., necessarily 
is greater where the excreta of the typhoid fever patients are de- 
posited in privies, and it is therefore important to abolish privies as 
speedily as the extension of the city’s sewerage system makes possible. 


WATER. 


Of the 523 cases, 492, or about 94 per cent, gave a history of having 
used unboiled Potomac water supplied through the regular city sys- 
tem as the sole, principal, or occasional source of water for drinking 

during the thirty days prior to the onset of illness. Of the cases 
investigated during the 1906 period, 96.54 per cent gave a history of 
having used the unboiled Potomac water. 
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The following table gives the source of water used for drinking 
during the thirty days prior to onset of illness by the 523 cases inves- 
tigated: 


Raw tap: 


BOLO <P a ee 253 © 
Pencina iy = tee Sri ee 
Occasionally —_- 9-5 ow Se 52 
Preesinnatig: (2) o 2 222 © See ee 4 
Boiled tap: 
Solely. 2 a2 2 en 3 
Principally... =. i223). ee eee 13 
Oceasionally ... 2 22 a eee 2 
Filtered tap: 
Solely 2 oe nt ne 2 I 
Principality... ee eee eee eS Le a re 2 
Oceasionally 20 2202 bee le eee 0 
Public wells or springs: 
Soléhy . «6.02 fee ee ken ti 
Principally - 2. ic s.22.222252) 2205 - Rue ee 5 
Occasionally... eee 36 
Bottled : 
welely 2. ee ne 0 
PriCraliy fan ee eee ae 2 J oe ee 1 
Occasionally _..2 = — eof SU ee ee 8 
Private wells or springs in the District of Columbia : . 
Solely... — 2. 224-25 hee kL oe ES ee 12 
Principally... 2. eee 29 
Occasionally) oie Le re 15 
Various sources out of District of Columbia : 
Principally —__.=— 2+. s2 22 6 eee 8 
Octasionally 25. a £57 


It is interesting to compare some of the figures in this table with > 
those in a similar table for the cases studied by us in 1906. Thus, 
there is little difference in the proportion of cases among persons 
who used the raw tap water. In the 1907 period 4.3 per cent and in — 
the 1906 period 1.3 per cent of the cases were among persons who had 
used water other than the raw tap as the sole source for drinking. 

In the 1907 period, 165, or 31.5 per cent, of the 523 cases investi-— 
gated were in persons who, during the thirty days prior to the onset — 
of the disease, had used water principally or occasionally for drink- 
ing from some source outside of the District of Columbia as against 
69, or only 9.2 per cent, of the cases for the 1906 period. | 
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SHALLOW WELL WATERS. 


‘The following list of public shallow wells closed during 1907 is 
ven as furnished us by the health officer : 
NORTHWEST SECTION. 


Location. | Date closed. 
a a9 s 5 Ee ee Sees 
SS rightwood ene are r OMS CLIOG NING.) nin occ e ee en cee edeweeees fed dae GAN thw oe | July 20, 1907 
wen eereet and Barry place.............-.--.-.5--0--------- Ska x win Re ied tas St le ow wa | July 17,1907 
III TGC, TIOOG 8 5 sc eww e koe de tents cncne cer cpsvecencedectecseecce July 22,1907 
aT avenue, between Sixth and Seventh streets.......................---.--.- | July 17,1907 
New York avenue, between Fourth and Fifth streets. ..............2-.2.22-2222-0220-2--. July 15,1907 
muew versey avenue, between M and N streets... ..........--2 2-22 - ee eee ee ee eee eee Do. 
Suorth Capitol street and Randolph place...............2..202..2g.eceee eee ece eet eee ee es | Nov. 11, 1907 
ET ee eee Se eh are | July 15, 1907 
Newton Raper vonsiOr Tien b WOO @AVOUUGl.. . la.tcoscak son w by oe sete ee ot ese eeeseaean ees _ July 20, 1907 
UN TICE Cy PLTOOLS 25. S. . oec ce ce se ooo een deen nnn elke cee enpeecersens July 15,1907 
Sa between Fairmont and Girard streets _.....................2.0.ceee eee eee eee ee | July 17,1907 
‘Sixteenth and Corcoran streets........- Re pat SALE 4 Smee SS oe Pee oe Re ieee Pe Ee oS July 16,1907 
OO ee a ne Sere rene ae Do. 
‘T, between Seventeenth and Eighteenth streets...................- Peete an Dee Sea et Do. 
‘vhird OS July 15,1907 
‘Third ES OR ae ie ee Ree ane ee er a a ae on Sn | Do. 
ee fe ccren 2S 2) ow a3 a ao Bp weld Ors es alee ack pig te enon do = Piemi- natnt Do. 
‘Tenth ye a ee = ie Oe Se ee eee July 17,1907 
Sumeiidereet atid Worida aventie...._.....c.-...... 22-2 eee eee eee eee Nov. 11, 1907 
nnn OMEaICL GLECOPS So ..0 =... 0. seen ok av elke eka ne tee le he ce senses July 18,1907 
merinani > atroct....:.-......-2<--<-—lseeec.ieeceececs-senesceeeeeesseecee- Do. 
SSPE SG, SUERTE {S170 (6 (CMEC BL” | Fg | Do. 
eeemevenua ana Thirty-third street.............-...-.----2------ 2+ eee eee eee Do. 
r Eau OMa OE StLCOUS «48322 Es. sacs = -o2s gcc Se le ee ee eee ht ete Do. 
@umrty-10urth street and Wisconsin avenue. ...........-.....-------------- 222 e seen eee eee July 19,1907 
ST MTURTeROrVOll GETCOLS |. _ . 552 2. c= oe eon nc ee eee eee een eee eeeee Do. 
—— eet BEC ENCE sar et tee. Men EO ee So cy eles aoe as We oO July 18, 1907 
2 | 
“4 NORTHEAST SECTION. 
¢ 
meas Mictith atid Ninth streets _...-..........- 2. --sseene---leeseeeleeceee eee eee ee July 20, 1907 
= IIa ere) 8 fl, 2 Se he Fee Pook sk oo oe chigen dd paced SS ekie 2 July 19, 1907 
Do. 
Deo. 
7 July 18, 1907 
North ivieom@ocn Hand C streets. .o 2.0... 026... Sos ee ieee de eve en nee PIB ree July 17, 1907 
‘South mmnreterenand “Vista strect ....- 2... 00s... co osc ese anges cedeende-- ec awen he July 24, 1907 
IIE Roa Sas 5 Ste ee ip Oe hn hts ww ov Sein eae Magn sae et sen July 18, 1907 
Sixth MMUMOMSHREOTS 0-5. .5--.-..-.------- DIAL NCE PAL ea BREN A Cen Oe oo a Sc Do. 
‘Third and D streets..... 1 Re OOD PROCS SPT oR Sage Se ae PE Oa 8  S Soe ee ee July 17, 1907 
SOUTHEAST SECTION. 
| 
I Shea. reas he ee Cie See ea eaten Nera, Bo July 20, 1907 
Brent Seeman SOULE OMPOMNA aVENUe .o. L. 2. oo oe be deste ene e cee neers eee July 18, 1907 
II Reay ETERS. 505... on oo none een e nada de oo nnenlbds cus dsdadgacesessi- July 19, 1907 
RR pe Se nN ge roca Ga ee Se eI SoMa eee a See a, wcities July 16, 1907 
atid SOULH Carolina AVONUC....... 2.22.52. s cae ee eee eee eee een eee | July 18, 1907 
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= SOUTHEAST SECTION—Continued. 


Location. Date closed. 


I, between Eleventh and Twelfth streets. .............-----2-cec eee cence cee ee July 23, 1907 
Jefferson, between Monroe and Fillmore streets... .........---.-0--0eeeen ene ccececteeeenee July 19, 1907 
L, between Thirteenth and Fourteenth streets. ..... 2... 2c. Lenadcccccescecussun seen July 22, 1907 
Ninth and. El atrevts.. 6 22. 2 Se eos sh eck hee es lax 0k ee eee Do. 

QO; between Half and First streeta.: 22. 20.22... eo hele eee eee July 24, 1907 
Seventh and B strevtes.. ..« . cn skc coe eds cwenes» Jotndsen< sounds See eee ee July 23, 1907 
Seventh street, between North Carolina avenue and C street .................------------ July 16, 1907 
Seventeenth and Harrison streeta. .... i... en cn ne oo ccm ole ow ete bee wow ae oe July 19, 1907 
Third and-O strects .. caso. dose e soe ie clk wk os eee eh ee eee July 16, 1907 
Third street and Pennsylvania avenue. ..-...... 2... see... nc~ensdbe- bacsess ube pee July 17, 1907 


Thirteenth, between D and E streets.............-...-- oe wae cup eubteesel Se eee e ae July 23, 1907 


It will be noticed that the closing of these wells occurred too late 
to account for the improvement in the situation this season. 

The following is a list of shallow wells in the District of Colum- 
bia still in operation, and, excepting the one on Quincy street, be- 
tween Twelfth and Thirteenth streets NE., all are out of immediate 
touch with the public water-main system. There are various shallow 
wells at public schools of which there is no record at the health office, 
and they are not included in this list: 

Northwest.—Massachusetts avenue, extended, near Wisconsin ave- 
nue; Tenleytown road, Tenleytown. 

Northeast—Benning cross roads; Quincy street between Twelfth — 
and Thirteenth streets. 4 

Southeast.—Elvan avenue, west of Stanton avenue; Hamilton 
road, near Jewish cemetery; Stanton avenue and Pomeroy avenue; 
Twentieth and Joliet streets, Garfield; T street hill, Hillsdale. : 


BACTERIOLOGIC EXAMINATION OF THE POTOMAC WATER SUPPLY. 


This season the bacteriologic examination of water was confined to 
that supphed from the Potomac River, this now being almost the sole 
supply of water for the city of Washington. 

The examinations were made in the Division of Pathology and 
Bacteriology of the Hygienic Laboratory by Passed Assistant Sur- 
geons George W. McCoy and A. M. Stimson and Assistant Surgeon 
W. W. Miller. As in the previous year, the technique recommended 
by the committee on standard méthods of water analysis of the 
American Public Health Association on January 9, 1905, was fol- 
lowed. From May 15 to November 30 two samples of water were 
obtained and examined daily, except Sundays. One sample was 
taken from the inlet at Dalecarlia Reservoir, this representing the 
Potomac River water as it is introduced into the first storage reser- 
voir, and one sample from the outlet of the filtered-water reservoir, 
this representing the mixed effluents from all the filter beds and being 
the water just before it passes from the reservoir to the conduits for 
distribution to the city. 


In the following tables are given the results of the bacteriologic 
aminations of samples of the raw river water and of the filtered 
ater: . 

a) THE RAW RIVER WATER. 


able showing the number of bacteria and presence of colon bacilli found in samples taken 
Jrom the inlet of Dalecarlia Reservoir. 


y of Agricultural Department; (c) Hygienic Laboratory, Public Health and Marine-Hospital 


4 examinations made by the (a) Laboratory of the Filtration Plant; (6) Bureau of Plant Indus- 
‘ vice.] . 


: MAY. 
3 ' Number of bacteria siete ae 
; r 7 ee entation in sugar 
f per cubie centime- B. coli in— broch (6; & 
Date. (a) pes ie : 
7 : J - ygi- 
al fut cultural ake 0.1 ¢. ¢. le.e. 10c.c. |0.1¢.c.| le.e. | 10¢.¢. 
: ant Depart-| Labor- 
P ment. | atory 
| 
_ See 900 AO SS by (00 eC +(c) (a)... -|+(a) (6) (ec) — 4 7 
Bere eis 800 240 | 1,800 bewee-sve-[+(€)-.22.2.|-+(@) (0) (6) —_ + + 
BS ech at 460 515 | 1,080 we eeede ees] P(C).--2-./+(@) (0) (Cc) ~ + + 
eeeeeee oe. 2 210 110 S20. A Bees. See +(a) (b) (ce) |+ (a) (6) (c) — a ao 
Repes fs_- 850 ee) 00) ea oi 1 (@). Cees.) (@): Ce) =. — + + 
- a 1,300 Sie debt ae aes mt Sta lat= CC) tee acicf-t= (@)'(O) Ce) — + + 
MO Ke iea a 850 188 | 1,850 |+(a) (c)-|+(@) (c) .--|4+(@) (b) (c) + 4 + 
ee aa 300 240 460) esse 5: - =| (@) 222 --|-+ G@)i(b) (ec) — — + 
naa 280 340 Helis. fede 25 +(a) (b)...|+(a)(b)(c) | — we “fs 
Nr 550 175 RU | Bo rse cis naar tier asec oe le CIGD) CC) — — += 
2 550 268 DON iste Teese) aes | COL GE) 2ae a — + + 
ee Se 700 184 ATOM Nase cece |-E (ey (Cees |= Ge) (O) 2: — + =. 
eae Sa: 750 84 SSO eee EG) Cey_ Sele (@)- Ce) 2. — + + 
tee 650 195 460 |.........-}4(@) (c)---|+(@) (6) (c) — + + 


_ Average....| 653+ 2454+) 913+ 
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Table showing the number of bacteria and presence of colon bacilli found in samples taker 
from the inlet of Dalecarlia Reservoir—Continued. : 


JUNE. 
“per cube enti: B. coli in— abba sueam 
er. 
one cultu- | “enic | 0.1¢.¢. lee. 10 ¢. ¢. le.e.| lee. | Wee 
ion | ral De- Sn hie 
plant. ae atory “ 
1907. | : | 
Ce or eae oe 420 7 AO Aaa Aen oe +(a) (0) -../+ (@) (0)... 
“ | 
oe aha ae 9, 000 327 12, 600 + (c)..../+ (a) (b) (c) + (a) (b) (c) | 
eS eee 12, 000 317 |14,300 |+ (c)...-|+(a)(c).--|+(b) (a) (o) | 
SY 8,000 | 1,145 |11,200 +(a)(c)..|+(b) (a) (c) |+(@) (0) (c) 
622 op eee 3, 100 966 | 7,350 |+(@)(c)..|+(b) (a) (ce) |+(a) (6) (c) | 
Pee bets eet 3, 600 666 | 5,800 |+(c)..... + (a) (b) (c) | + (a) (6) (ec) 
ed ae 1,700 535 BOQ dee ese ee +(b)(c)..../ + (a) (b) (c) 
Lagi ponte bine dy 201 ees Los cs oe eee, SAS ee 
AO Ses? 2 fee | 550 | 223 | Sy DUDA” (eee reer +(a)(b) ...|4+(@) (b) (c) 
1 a a ee | 550 152 | 2,200 |+(c)2..../+(b)(c)...-|4+(0)(@) -. : 
1 ee rape td, 200s SI) Seok eee 6, 650% 4-(e) oe +- (Cc). eee fe (ise Bae 
kes ee Ares eae 1,000 | 1,830 800 sien oes +(a)(b) (c) |+(a) (b) (ce) 
MT 2eGue. toe 600 | 648 | 4,700 |+(c)..-.- +(a)(b)(c) |+ (a) (b) (ec) 
anny se ee | 490 | 850 | 3,550 |+(c)..... + (a) (b) (c) |+(a) (b) (c) 
1 Seem FN oe [ee Fat ea | Se cel sy Oe eS ett ee 
ee ete Soe 700 281 | 7,000 +(a@)(c)..|+(b) (a) (c) |+(a) (6) (ce) 
1S ape ce 3, 000 630 | 3,900 |+(a)(c)..|+(0) (a) (c) |+(a) (6) (c) 
i} Pee eee 11,100 | 270 | 1,750 |+(a)(b) -|+(c)(@)(®) |+(¢).-.---- 
> | ene, Oa eet BP BD ROG PE ST eo pe erae Ge). nea. + (b) (c) -.~ 
ON Senses ee ee 450 919120 BOO i eee (Gee + (a) (b) (ce) 
pers Sic ag 150 | 108 ATO hice Ne os +(a)(b). . -| + (a) (b) (ce) 
9B. oS lok Be Ne ee ee ee 
7 ies Se 4, 200 160 |10,700 |+(c)..... +(a)(b)(c) +(a) (b) (ce) 
CUNT ey 1,800 | 500 | 3,200 +(a)(c)..|+(b) (a) (c) |+(@) (b) (0) 
cs RE aD i tn — 2,900 340 | 3,400 |+(e)-.... +(b)(c).. -|+(a) (b) (ec) 
| Ceri hte al 440 C78..j) We Sofia ste = aces 4b (GQ) ecu +(b) (c) (a) 
Sty Re. 300 500. | 1,900. | ce. ee 
| ee 270 || 400. VSOO Tie. aoe es +(b)(c).. 14) (c) .-- 
BO). oc Se tat Ger ioe See eee |. sssdentv'lc sees a xs! 
oe 
Average.... 2,324+| 483+ 4, 50 
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ible showing the number of bacteria and presence of colon bacilli found in samples taken 
_- from the inlet of Dalecarlia Reservoir—Continued. 


JULY. 


Number of bacteria 


per cubic centime- Fermentation in sugar 


B. coli in— broth (c). 


e ~_—on. 


p ter. 
— ao Agri Hyet- | | 
7 aa =) a enic | 0.1 c.c. 1c.c. 10c.¢, |0.1¢,¢c.| le.ec. | 10¢.¢. 
plant. | part- perms ' 
. ment. y: 
1907. 
1,600 | 131 | 5,600 |+(a)(c)..|+(a)(b)(c) |+(a)(b)(c)| + + + 
ies <0... 1,900} 84 | 2,950 |+(c) ..../+(a)(b)(c) |+(a)(b)(c) | + + fs 
ern. ...:....... 1,200) 202 Sl eee eee i er l+(b)(c) -..) + 2 + 
ee lo atl. casccL euetecl ccs}. -secnssvec- Ses RR ihe al sea a 
ee Sa 920| 162 Ca a eee +(c) 40) ee | ee < re 
Steere 370 97 OUR Mears ces ee HO) ct. 2 +(b)(c) ...) — + + 
erie | lee IL cen ais gfe val wae dae cube oe tye olevcive ce sfepeauieed 
ae (ae aR 5. a | ae be pey Mcgee oY tee eae ye 4 re 
are foo) 74e.| 2,050. Pee)... 1440) wai A +(g) (c).-.| + - + 
ae 678 | 2,100 |+(a) (c).|+(c) (a) ...;+(0)(c)(a) | + + + 
ee mor) 1,015 | 15305 |... 2-5: a8 (5 ee oe se tcleste). ee ae Es 
eae 600 | 444 | 1,150 |+(c) ....|+(0) ...-.-|+()()---.| + + + 
a 2,800 | 433 | 4,700 |+(a)(c)..+(a)(b)(c) |+(a)(b)(c) | + + + 
I RS 8) Sg Se. feiss Oomcaf- sees so casalee-u---c|-ceceeecbesccace 
; _ a 2,800 | 189 | 2,800 |+(a) ....\+(a)(b)(c) |+(a)(b)(c)|  — + ee 
ne 1,100 | 1,750 |+(b) .... +(b)(0)-- -.|+@) (©). ---| = er Oh 
een 500 | 460 | 2,150 |+(b)(c)..\+(c).....-. l+(b)(c)..-.) + ze ee 
| ee 1,050} 253 400 |+(c)....- tbls tec: 4 eed ceh. ack = + 
ae 3,400} 401 | 2,500 |+(c)..--. +(@)(e)....|+(a)(o)(c)| + + = 
_ eee ee 550 125 850 . |+-(a@)...-- +(a)(b)(c) |+(a)(b)(c) ~ + ~ 
eGR SRS (ER Si | (oa age ce, Cede (eg (OER [OE 
«A mae 1a7 | 2,400 |e)... |4-(a)(b) (ce) |+(a)(c).-..| + te ee 
ee 15,400 | 1,400 | 1,200 |+(c)..... '+(b)(c).-. #(B)(C)----) + + ip 
«ES ee 134 950 |+(c)..-.- HAD) izes xs +(a)(b)(c)| + — 4 
aa 1,800 148 500 |+(c)....- ee hse. aE) i eee + ae + 
ee i 160-1 1, 50 Js aoe See +(b) (ce) a a a 
eee POND) 2. BR) 4,400. Jo... 2 2. |+(0) (ce). ..2|4+(0)--.--- = + + 
ys oS eR a eee ocr eset aa: ORD Sete bins ere 
ae 9, 300 22 le a oats Soe Reon ne +(a)(c).---) - = + 
ee ee 45 Core aac a0 (.) ean are +(a)(c)....|  — ze + 
ae ee MG fh MOO. eae eee Ev Ree ae +(0)(C)- =. = r + 
Average... 2, 682 302+} 1, 715+ | | 
| 
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Table showing the number of bacteria and presence of colon bacilli found in samples take 
. from the inlet of Dalecarlia Reservoir—Continued. 
. AUGUST. 
Number of bacteria | ry <tin’ 
| | 3 cubie centime- | B. coli in— ar aoe 
- a _____ | ee 
. { 
‘ce (a) | Agri Eye 
a adh as enic |0.1¢.¢c. | lee. l0c.c. (O0.1e¢e| Lee. 
plant. | part- Labor- 
ment. atory 
Mi 
1907. 
. ESS Pelee ates 11 Ree a5 | 8,000 1 eae lee ee eee +-(a)*(0).. 2) a ae 
eee ee 12, 200 92 a9 te eee oe (ays ee = = — 
Bee he ns 220 4600). oon eco. cece ednek Ho tele 2 eaten oe | 
Bene Scene noefececsesa|scescdoc|becccsec[feectueccclestacesseeac|0cue 2s enEna 
Bake ne 0: 720 $604 apo |e (eyelet ee s rf +a 
Lae et pee 2,500 21 200 S28 een, ooo eee +(a) (b) (ce) = — oS | 
(esa A eee oe 1, 300 112 PA Vat | Le ch oe (@) neces +(a) (6)... — +4 aa | 
Bees ee 2,300 49 900: ios 22... ee a = +7 
, ey, 2, 200 65 9) Nie eel ee eee is Se z & é 
. Ee espe 31, 400 63 50,000 | + (a) (c)|+(a) (c)-..|+(a)(b)(c) | + + HY 
", eke  eeeenenee Oeceinean nn I MC 
; “ie Soha a 2,800 | 48 [25;000 |........-. +(a)(b)(c) |+(a) (0) (e) | + ~ + 
St Spee can tee 760 Abi ORAS 0 aiken at ae S +(b) (c).--|+(b) (c).-- + + + 
rT ea ANDY 4,500 fAS = <6 000 male ee +(4) (¢)-.. + @XOe a + + 
RAR pels 1, 200 200 900 eS. ot eee +(e) ee w - cs 
y HG Soe eee; pe 550 50 300 | +(c)...-|+(@) (€).../+(@) (©)... + + + 
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7 Se le gle ea 200 115 DOU Mu sa) Ss eee “Bi(G) 5 2. fee ie oem = + + 
Average....| 2,957+| 172+) 4,487+ 
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* Dalecarlia reservoir by-passed from Aug. 21 to Dec. 31. 
t¢ From this date samples taken from the inlet of Georgetown reservoir. 
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SEPTEMBER. 


B. coli in— 


le showing the number of bacteria and presence of colon bacilli Sound in samples taken 
| from the inlet of Dalecarlia Reservoir—Continued. 


_ Fermentation in sugar 
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eee 2, 000 382 700 |+(c) ...-|4+(6)(¢).. .|+(a) (0)... 
~9..---..---- 220 oe PR Se +(b)(c) . --|4+(6)(c)-..! 
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te 1, 100 ly) a ee oo: es S|) 
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ee 56,000 | 4,000 | 1,080 +(a)(6) -|/+(a)(b)(c) |+(a) (6) (ec) 
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Table showing the number of bacteria and presence of colon bacilli found in samp! é 
Jrom the inlet of Dalecarlia Reservoir—Continued. 
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ble showing the number of bacteria and presence of colon bacilli found in samples taken 
Srom the inlet of Dalecarlia Reservoir—Continued. 
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. “per ‘cuble cite B. coli in— | hae oy? = sugar 
. > | 
Date. (a Agri aoe: 
hye Bee ga enie O1ee | lee | Wee late Lec. | 0 ee. 
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ae | 5,500 | 10,000] 19,000 |+(a) (c)-/+(a) (c)-..|+(a) (c)---) + re ea 
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a | 18,800 |-+(c)....- +(a) (c) - |+(a) (ce) ..| + + + 
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Table showing the number of bacteria and presence ye: colon baettts in samples taken fr 
the outlet of the filtered water reservoir. 


[Daily examinations made by the (a) Laboratory of the filtration plant; (6) Bureau of Plant Indus 
try of Agricultural Department; (c) hygienic laboratory, Public Health and Marine-Hospiteé 
Service. ] 
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wing the number of bacteria and presence of colon bacilli in samples taken from 
é the outlet of the filtered water reservoir—Continued. 
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gp the number of bacteria and presence of colon bacilli in samples taken from 
the outlet of the filtered water reservoir—Continued. 
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Table showing the number of bacteria and presence of colon bacilli in samples t 
the outlet of the filtered water reservoir—Continued. 
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showing the number of bacteria and presence of colon bacilli in samples taken from 
a the outlet of the filtered water reservoir—Continued. 
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ae 14 6 cr eat Be Seay |S ae E eded te ae, Se RNR eee a Meee = 
ae 19 WOE Teac eS lisp, Naas) Cae eae ed me a = | 
eee 18 9 ey EN CD Bhi ae ES See RTE) RRS (A = : 
15 6 Bi Pe Ne LM Arora ate Be, | = = 
ae et ae Se ets a ee reas ea 2. aren Ee eee 
as 4 2 7 Oe ee eee te i Sate 
| aa 8 9 18 ies GAS Nae Seer ar ted emia 
Fage..... 1+ 9+) 844 ; | | . 
| 
~~ 
as 
as 
no 


it caks | pi’ ae, Poe nf neat mae ' 


42 
Table showing the number of bacteria and presence of colon bacilli in sample 
the outlet of the filtered water reservoir—Continued. : 


NOVEMBER. 
Number of bacteria 
per cubic centime- B. coli in— 
ter. 
| 
Date. (a) “al | aS, = > 
fe gg : eS a3 0.1 ¢. e. lee. 10 ¢. e. 
lant. e ‘t- Labor- 
P an atory 
ment 
1907. | | 
age 22 Pe a P- i 3g 27 ib el ee PT 
peers etka 6 7 ye nr em ce 
Tees y UL See ce ein een epee 
cae 12 7 BO Oe Pen a + (c)..:2. eee 
as hl 10 6 Bde, ha ee | ie Sate se ae 
Sede ee 12 6 i ak eee eas lew asezawtgd cetterttetee|eeeeeees 
EO ete) LE 5 Joan ee eeae Cae es eee 
iy eee ree 17 10 7 eames oer 5 Pee 
Saige Dy eee 21 8 5 a ae ae oe el. |. 2a. -t 
ONS ee os 2 Bi | ho es lat eter Ue ee ee ae 
ee 23 3 ieee ie ates Meee 
ees 29 8 19):.|) 2 ee ee | 
oe 17 4 33 | une e 
ee earth | 10 8 80° 4c ee cota e a 
eh ae 17 6 160. A eee hee 
ae ape lee ect re 6g. A Se | 
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Bee ok a) 17 uu | ae oe Pe a eo [aot Poe 
| Sear a 16 12 98°). cleo) ee | Mey nA To 
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2 » These results show the great extent of bacterial purification which 

e water underwent in its passage through the storage reservoirs 
ind filter beds. 

_ The effluent from the filter beds during the period extending from 
ita 15 to August 31 can not be tégatded from a bacteriological 
standpoint other than as a water of good sanitary quality. During 
his period, of the 84 samples of which counts were made by us, the 
wverage number of bacteria per cubic centimeter was about 31. 
Ninety-one samples were examined in quantities of 0.1 ¢. ¢., 1 ¢. ¢., 
ind 10 ¢. c., for the presence of the colon bacillus. In none of the 
1 c. c. and 1 ¢. c. quantities was 2B. coli found, and of the 10 ¢. ¢. 
juantities, 2. coli was found in only 2, or about 2.2 per cent. 

In 1906 the samples of water, taken at intervals of a few days 
luring the period from July 25 to August 31, from the filtered water 
‘eservoir, and examined by us, showed an average of 44 bacteria per 
subic centimeter. Of 13 samples examined in this period, 2. coli was 
found in 1 c. c. once and in 10 ¢. c. twice. Unfortunately the number 
yf samples from the filtered water reservoir examined by us in 1906 
vas too small to compare aptly with the results of 1907, but during 
he period extending from July 16 to August 31, 1906, we examined 
10 samples of tap water taken from taps in various parts of the city. 
During this period the average number of bacteria per cubic centi- 
neter in the tap water was about 67, and of the 60 samples, B. coli 
vas found in quantities of 1 ¢c. c. twice, and in quantities of 10 ¢. ¢. 
ixteen times, or in about 3.3 per cent of the 1 ¢. c. samples and in 
ibout 26.6 per cent of the 10 c. c. samples. 

It will be observed in the above tables that the remarkably high 
legree of purity of the water accomplished by the storage and filtra- 
jon in the summer of 1907 was not maintained during September 
ind October. According to our own results, the total bacterial con- 
ent of the filtered water during September averaged 80 per cubic 
‘entimeter, and during October, 84 per cubic centimeter. In Sep- 
ember, of the 1 c. c. samples examined, 2. coli was found in 4.3 per 
ent fad of the 10 c. c. samples in 17.4 per cent. In October, B. coli 
was found in 3.6 per cent of the 1 ¢. ©. samples and in 26 per 
ent of the 10 c.-c. samples examined. In this connection it is in- 
eresting to note that Dalecarlia, the principal sedimentation reser- 
=, was by-passed from inane 21 to December 31, 1907. 

It should be stated that at present the generally sented view is 
hat the colon bacillus is only an index af pollution. It suggests 
langer, but not the amount of danger. In other words, a water may 
‘ontain a large number of colon neere and yet be entirely free of 
yphoid bacilli. 

In November the average bacterial content of the filtered water was 
per cubic centimeter, and B. coli was found in 16 per cent of 
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the 10 ¢. ¢. samples examined. The low bacterial content of the 
filtered water in November is interesting when considered in con- 
nection with the fact that the raw river water during this month 
averaged (our results) over 15,000 bacteria per cubic centimeter more 
than it did in either September or October. | 
According to bacteriological standards of pure water, the water 
delivered through the filtration plant to the city of Washington dur- 
ing May, June, July, and August of 1907 was of a bigh degree of 
purity, and on this evidence alone it would appear justifiable to 
exclude this water as a factor in the conveyance of typhoid fever 
infection. 
The filtered water this summer was of a better quality than it was 
in the summer of 1906; that is, as nearly as we can judge by our 
bacteriological results of this summer in comparison with those of our 
more limited studies in 1906. The improvement in the water being 
followed by the lower rate of prevalence of typhoid fever in the sum- 
mer of 1907 suggests cause and effect. The known factors, other than 
water, seemed, so far as the results of our epidemiological studies in- 
dicate, to have operated relatively to even a less extent during the 
summer of 1906 than in that of 1907. This suggests that the differ- 
ence in morbidity rate of typhoid fever for the two summers was due 
to a difference in the amount of the water-borne typhoid fever in- 
fection. 
However, it should be borne in mind that the prevalence of typhoid 
fever in Washington and other communities has varied considerably 
in different years during which the conditions as to water, etc., have, 
so far as known, remained approximately the same. | 
Further, it should be stated that the improvement in the quality 
of the Potomac River water accomplished by sand filtration in 1906 
was not followed by a lowering of the typhoid fever rate. In cities 
where infected water is known to have played a conspicuous role 
the rule has been that the filtration or improvement of the water 
supply has been followed by an immediate impress upon the height — 
of the typhoid curve. In Paterson, N. J., however, the decline in” 
the rate was not apparent until the second year following the filtra- 
tion of the public water supply. At Lawrence, Mass., the filtration” 
of the city water supply was followed the first year by a marked 
decrease, but it required three years to produce its maximum effect. 
There has been much discussion in regard to the fact that in 1906 the 
improvement in the Potomac River water by filtration was not fol- 
lowed by an apparent lowering of the typhoid fever rate in Washing- | 
ton. The view is held by some that this fact strongly indicates that 
little if any of the typhoid fever in Washington was ever conveyed in 
the Potomac water. In this connection it is interesting to note that 
according to our results and those obtained in the laboratory at the 
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tration plant in 1906, from 55 to 86 per cent of the total bacteria in 
e Potomac River water are removed by storage in the three sedimen- 
ation reservoirs before the water is applied to the filter beds. These 
storage reservoirs have been in operation since 1902. During the two 
or three years prior to the installation of the filters no systematic 
bacteriologic examination of the water was made; so we do not know 
~what was the bacterial content of the water supplied to Washington 
during that period and can not accurately compare it with that of the 
water after filtration was begun. We have no accurate data on which 
to base a comparison of the amount of typhoid fever infected excreta 
poured into the Potomac River in 1906 with that of previous years. 
We know practically nothing of the condition of symbiosis, etc., under 
which the typhoid bacillus will live best in a river water during cer- 
tain seasons and perhaps certain years. 
The quite regular seasonal (summer) prevalence of typhoid fever 
in Washington, together with the absence of frequent winter and 
‘spring outbreaks, is regarded by some as good evidence that the 
Potomac River water has played but a minor role in transmitting the 
infection. In Albany and other cities where contaminated water is 
known to have played a prominent role, improvement in the water 
supply not only diminished the total amount of typhoid fever, but 
changed the character of the typhoid curve. The rule is that where 
there is much water-borne typhoid there is also comparatively much 
winter and spring typhoid. In Albany the filtration of the water 
markedly reduced the prevalence of typhoid fever throughout the 
entire year, but most markedly during the winter and spring, during 
which seasons there was, prior to filtration, relatively much more 
typhoid than during the summer season. On the other hand, Wash- 
‘ington has had relatively ttle winter and spring typhoid; the annual 
curve, even when excessively high and before any attempted purifica- 
tion of the water supply, shows a marked summer maximum or the 
‘so-called “normal” curve. The Washington curve has changed 
‘markedly in height, but little in character. 
Inthe majority of cities supplied with a polluted water and having 
a high typhoid rate in the winter and spring, the pollution of the 
water has been nearer the intake and presumably much more con- 
-eentrated than is the case of Washington’s water supply. The vast 
mulk of the pollution of the Potomac occurs at points over 100 miles 
above the intake of the water supply for Washington, and little or 
‘practically no direct pollution takes place within 19 miles of the 
intake. Therefore, as the dilution of the sewage must be tremendous 
by the time it reaches the intake at Great Falls it may be that the 
small amount of typhoid infection finding its way into the river 
from the relatively small number of cases occurring on the watershed 
‘during the winter and early spring is not sufficient to affect markedly 
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the prevalence of the disease in Washington, but with the increas 8 
of cases on the watershed in the summer there may be, in spite of 
the dilution, enough typhoid infection in the water to occasion 
marked increase in the prevalence of the disease in Washington. In 
this connection reference should be made to Kober’s observations on 
the effects of the typhoid epidemic of 1889-1890 at Cumberland, Md., 
upon the prevalence of the disease in Washington.* 

We have noted that in dry and warm seasons the present systell a 
of storage and filtration of the Potomac River water will give a wate: 
of good sanitary quality, but in periods of high turbidity, especially 
in winter, fine silt in the river watér does not settle so well, nor is 
it all retained by the sand filters. With the increased amount of this 
silt in the effluent is an increased number of bacteria. 


MILK. 


The 523 cases considered as having contracted the infection in the 
District of Columbia gave the following history as to the use of 
milk during the thirty days prior to illness: 


oe NEVER SO bo te Fee ae eee te 
On fruits or cereals, but not as a beverage... 2 eee 
in hot tea‘ or coffee only: 2.7 224222 Va 
As-iece cream only... 2 ee Ea eee eee 
Raia 510) AVA Yoo Ss eek pe ies py as Wee r _ ite eee 
Not .determined ee . 


Of the cases using milk as a beverage or on fruits and cereals 6 
used boiled milk exclusively. 

One distinct milk outbreak occurred. This was among the cus- 
tomers of milk dealer No. 163. There were in the course of this 
outbreak 31 cases with the onset of illness between June 8 and 
August 17. (See Chart No. 4.) Of these cases 2 gave a histo 
of having used boiled milk only during the thirty days prior to onset, 
and for one other infection by contact seemed more probable. Elimi- 
nating these 3 cases there are left 28, considered as being quite defi- 
nitely attributable to milk infection. | 

The evidence that these cases were due to milk infection was ad 
absolutely positive, but it seemed sufficiently strong to justify at- 
tributing these cases to milk. Thus, there was a sudden and marked 
increase in the number of cases among the customers of this dealer, 
The number of cases among his customers was far in excess of the 
rate of prevalence among persons living in the same neighborhoods 


“Report on the pollution of rivers, by Henry Talbott, Chairman of Committee 
on River Pollution, to the Game and Fish Protection Association of the Distric¢) 
of Columbia. Government Printing Office, Washington, 1898, p. 32. 
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and under practically similar conditions but obtaining milk from 
other sources. 

_ There were several instances of two or more cases in the same 
family with onsets on the same day. About 200 families obtained 
milk from this dairy, and estimating the number of persons in a 
family at 5, there were about 1,000 persons exposed to this milk 
infection. The histories obtained as to the ways in which milk was 
sed by the 28 cases during the thirty days prior to the onset of 


illness were as follows: 
Cy Cases. 
a te ain ee a esi Lek ae 
On een cereals, Dut not as a beverage.._._._-______._____________ G 
fod ees oe 8) eb ee 2 
\ 
gE SE ee ae ene pee ae er 2 EEE Sag eh Seopa : ae 28 
The ages of the cases were as follows: 
‘Years: ; Cases. 
* I Soo 4 
- 0 a ae : 5 
ee ae. Na eter pl Toaa Rabe! 2 
a cote pene = eee 
Meee et Wie nae. 2 Whase CLS ET sein ie 7 
RII ete ese es Se rene) ver ee Te t 
EE eee OC By oo eae é See = 
“J OS Sa a ie itn Pn oe Recess a 
: a eg en eee eee ee) le ee 28 


There were six instances in which the person affected was the only 
member of the family who used milk freely as a beverage, the other 
members using it chiefly in fruits, cereals, and coffee. On the other 
hand, and showing how misleading the exceptional case may be, 
here was one instance of three children in a family all of whom used 
nilk as a beverage, but the child who drank milk in smallest quantity 
was the one affected. 

In another family there were three children, aged about 2, 4, and 6 
ears, all ‘ai asd used te as a couleiie cia For the youngest child 


epresentatives of the health office. No typhoid fever cases were 

ound on this farm; but on account of general conditions the sale of 

milk from it in the District of Columbia was discontinued by order 
f the health officer on July 10. 

The outbreak continued after an interval more than covering the 

sual incubation period of typhoid fever (in cases of milk infection) 

id elapsed after the discontinuance of milk from this farm. So it 
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seems that the bulk of the infection did not come in the milk from thi 
farm. 

The inspection of the dairy showed nothing immediate to account 
for the infection. Three of the men who worked at the dairy gave 
a history of having had typhoid fever within four to twenty years 
previous. Specimens of their stools and urine were examined at the 
Hygienic Laboratory, but all were negative for B. typhosus. 

The sale of milk from this dairy was discontinued by order of the 
health officer on August 6. 

One of us, conjointly with a representative of the health office 
made an inspection of the other farm supplying this dairyman with 
milk, and the evidence obtained indicated quite strongly that this 
farm was the source of the infection for the majority ef the cases, 
The owner of this farm did most of the handling of the milk. 
was taken ill about July 1 with diarrhea and fever and confined te 
bed for a day or two. For about five weeks from that time he wa 
complaining, having to le down for an hour or two most every day; 
had slight fever, w fick he thought was malarial. He was engagec 
in escie the milk nearly every day throughout his illness. 

In the neighborhood of this dairy farm were seven families whicl 
obtained calle from the farm. In one of these families a child wa 
taken ill about June 8 and continued ill with fever for about fou 
weeks. Milk bottles from the dairy farm were delivered to anc 
collected from this house daily throughout the child’s illness. 

In another of these families were three cases, clinically typica 
rases of typhoid fever, having the onset of illness in the early pa 
of August. 

These five cases all occurred in the State of Maryland and are no 
included in our figures. 

The sale of milk from this farm was discontinued by order of t 
health officer on August 14. 

Besides this pronounced outbreak there were suggestive groups 0 
cases on the routes of milk dealers as follows (see Chart No. 4): 


Dealer No. 8: Onset of cases from August 5 to September 7___--------_- 
Dealer No. 46: Onset of cases from August 14 to September 4____-~-______ 
Dealer No. 164: Onset of cases from August 27 to September 5_______---~ 
Dealer No. 44: Onset of cases from August 9 to 26______._.2__- 


"VOTH =n eek es ce ee eee eee 


No positive evidence could be obtained that these cases were due t 
milk infection, yet the grouping of the cases, etc., suggest so strongly 
that these were small milk outbreaks that it seems fair to estimat 
the chances of these 40 cases as having been due to milk infection at 
about 50 per cent; and so, adding 20 of these cases to the 28 quill 
definitely attributable to milk abootaana we have 48, or about 7 p 
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SHOWING THE NUMBER OF CASES OF TYPHOID FEVER, ACCORDING TO DATE OF ON 
THE NUMBER OF THE DAIRY CORRESPONDS TO THE NUMBER OF THE DAI! 


L NUMBER OF Cases PER 100,000 GALLONS OF MILK SOLD FO 
P.H. & MHS. THIS DAIRY IS THE ONLY ONE IN WAS 
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CHART No. 4 
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ent of the 670 cases, or 9 per cent of the 523 cases, attributable to 
nillk infection. 

_ Attention is called to the difference for the two years in the ratios 
f number of typhoid cases to amount of milk sold of the two large 
nilk dealers who had outbreaks of typhoid fever among their custom- 
rs in 1906 but not in 1907 (see Chart No. 3 of Hygienic Laboratory 
ulletin 35 and Chart No. 4 of this bulletin), thus: 


Number of cases per 100,000 gallons of milk sold, 


1906. 1907. 


memuenier NO. 4......._....___ Mh Ne iil Dt ld peice ea GNC Eee we REM hin OF Beg ere 52.5 21.6 
I ee een nee cee 113.9 | 6.5 


Of the 866 cases investigated by us in 1906, about 10 per cent were 
ttributed to infection conveyed by milk in the course of pronounced 
utbreaks among the customers of three milk dealers. 

Besides these cases, quite definitely attributable to infected milk, 
here no doubt were, during both years, scattering cases due to, but 
vhich could not be traced to, milk. The number of such eases is of 
ourse problematical. 

The large proportion of cases of typhoid fever in families of the 
etter class and the conspicuously large proportion of cases among 
hildren in Washington suggest that anemic plays a larger part in the 
pread of the infection than we have been able to debate determine 
y epidemiological studies. A study of Chart No. 3 of Hygienic 
aboratory Bulletin 35 and the corresponding chart (No. 4) of this 
ulletin seems to support such a view. In this connection it is inter- 
sting to note that for both 1906 and 1907 milk dealer No. 10 had a 
onspicuously small number of cases of typhoid fever proportionate 
0 the amount of milk sold. This dealer is the only one in Washing- 
on who both sterilizes the bottles and pasteurizes the milk. The 
ow typhoid fever rate among the customers of milk dealer No. 10 
s significant, and perhaps is a fair index of the result which would 
e accomplished by the pasteurization of the general milk supply of 
Vashington. 

Considering only the cases definitely attributable to milk and the 
umber of secondary cases contracting the infection directly or in- 
lirectly from them, it is evident that the milk problem in the District 
£ Columbia is grave and important, and one requiring the serious 
ttention of sanitary authorities. 

The milk supply of Washington is obtained from about 1,000 dairy 
arms scattered through Virginia, Maryland, the District of Colum- 
la, and a few even in Pennsylvania and New York. Some of this 
ailk is sent directly from the dairy farms to the consumer; the bulk 
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of it, however, is shipped from the farms to the 65 or 70 dairie 
operating in the District of Columbia, where it is mixed, bottled, ete.,) 
before delivery. Some of the dairies in Washington receive mil 
from as many as 30 to 40 farms. It is evident that a supervision), 
over these various dairy farms and dairies sufficiently thorough te 
prevent the introduction of typhoid fever infection into milk woul 

require a large force of inspectors and could be done only at a grea 

cost. Therefore the treatment of milk before it 1s delivered to the 
consumer by some process (pasteurization), which will destroy an 

possible infection contained therein and at the same time not impai 

the food value of the milk, seems to be at the present time the cheap 

est and most practical method of preventing the conveyance 0: 
typhoid fever infection by milk. 

There can be no more objection to the pasteurization of milk fo 
the use of adults and of children over three years old than there is to 
the cooking of meat. The fresh clean “ certified ”* or “ inspected ” 
milk for infant feeding and special uses needs no purificatiot 
Pasteurization may not ms the ideal to be attained, but until we can 
be assured that the general market milk is free from danger the only 
protection is to Hacudes the infection by means of heat. “Pasteuriza: 
(ion not only protects the community against much of the typhoit 
fever, but also against some of the tuberculosis, scarlet fever, diph- 
eee, infant diarrheas, etc. For a full dicceemae of this subjed 
see the article on, Pasteurization in Hygienic Laboratory Bulletin No 
41, page 591. | | 

ICE CREAM. 

The history of the cases in regard to the use of ice cream withir 
thirty days prior to the onset of illness was as follows: Three hun. 
dred and forty-five ate it from time to time, 163 ate none, and for lf 
the facts were not determined. No cases this year were traced t¢ 
infected ice cream, but in view of the bad sanitary conditions unde 
which much of ie ice cream sold in Washington is made and handlec 
(particularly by street vendors) a certain number of scattering case} 
probably were caused by infection through ice cream. 


RAW SHELLFISH. 


The following table shows the history of the cases in regard to th 
ating of raw oysters and clams from time to time within thirty day 
prior to onset of illness: 


a BAT =) Not de 
Shellfisia. | Soa No. terminn 
Sea 
Oysters. ee oS Se 326 LER ae, bebe Ue bel ce ee 23 | 488 ] 
rman eee fr ae St tii Sou ppp bes okas Bh eee eee a ob 17 494 ] 


“or a definition of these terms see ‘ The classification of market milk,” by A. I 
Melvin, Hygienic Laboratory Bulletin No. 41, p. 559. } 
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The small proportion of cases giving a histery of having eaten 
uncooked shellfish shows that shellfish this year, as was the case in 
1906, could not have been the means of transmitting the infection to 
any Sosider: able number of cases. 

All but 9 of the 523 cases occurred between May 1 and November 1, 
during which period comparatively few raw oysters or clams are 
eaten in the District of Columbia. 


. OCCUPATION. 


In the following table is given the occupation of the cases, along 
with the number of persons in the District of Columbia, according 
to the census of 1900, engaged in such occupations: 


Number of persons engaged 


Number of cases. in occupation, census of 
Occupations. 1900. 
| Male. | Female. | Total.| Male. Female. | Total. 
Professional pursuits: | 

ES | 4 0 4 461 0 461 
0 1 0 1 398 | 398 
SE ae 5 0 5 1, 445 |} 1,445 
Musicians and teachers of music......... 3 0 | 3 414 307 | 721 
Officials (Government)..................: 2 0 2 900 0 | S00 
Pinysicians and surgeons..-..........-... 1 0° 1 €81 0 | 881 

Domestic and personal service: 

. ers MeITGTeSSeCrS ...--..-.2..-.----- 2 0 2 £60 0 £60 
Ee 2 0 | 2 591 0 591 
Housekeepers, stewardesses.............. 0 at 1 0 529 529 
Janitors, sextons........ A ihe a EE Oe 1 0 Py 511 | 0 51l 
Laborers, not specified..................- 17 ‘oO| 17| 12,476 263 12,739 
Launderers, laundresses..........- et hitels 2 1 | 3 | 474 7, 192 | 7, 666 

Meee miutses, midwives......-..............-.. 1 5 | 6 | 231 1,311 1,542 

. Restaurants, saloon keepers............. 3 0 3 | 612 112 | 724 
Bervants and waiters.................... 2 16 18 | 2, 898 15, 231 | 20, 129 

Soldiers, sailors, marines (United States) - 3 0 3 | 745 0 745 
Watchmen, policemen, firemen, etc....... 2 0 2 1, 667 0 1, 667 

Trade and transportation: 
J Sis. ojo 1 0 oil 0 15511 
Bookkeepers, accountants..........-...- 1 2 | 3 837 482 1,319 
Rueio) Copyicts..:....-............-..-.. 21 9|  30| 11,523] -4,697] 14,220 
Draymen, hackmen, teamsters...... Sees 16 0 | 16 3, 994 | 3, 994 
RMOGHIGRS.............. (rts gS 5 07 5 410 0 410 
Sauemevers, peddlers..................-..- 1 0 | 1 526 0 526 
Merchants, dealers (retail) ............... el 1 | 3 3,945 418 4, 363 
Messengers, errand and office boys. ..._.. 5 | 0. 5 1,345 0 1,345 
Porters, helpers in stores................ 6 0 | 6 921 0 931 
Salesmen, saleswomen................--. 5 | 2 | 7 2,644 1, 320 3, 964 
Steam railroad employees............-... | 7 1 | 8 1, 185 (2) 1,185 


Stenographers and typewriters.......__. / 0 5 521 708 1, 229 
Street railway employees................ : ri 07 7 817 0 817 
Telegraph and telephone operators... -.. 2 2 307 (?) 307 
Mechanical and manufacturing: 


SS 0 | 1 622 ? 625 
| 1 0 1 775 0 772 
0 1 | 1 | 0 | 344 344 


lam. 
O2 | 
- Number of persons eng | 
Number of cases. in occupation, census | 
Occupations. 1900. a 
Male. | Female. | Total. | Male. | Female. Total. 
Mechanical and manutfacturing—Continued. | = 
Boot and shoemakers, repairers.......... | 2, 0 2 | 496 0 
Carpenters, joiners... S22; 52 - 7 0 7| 2,298 0 
IDressmakars! 0 S225.’ Joe eee ae ee 0 2 2 0 2,993 
Engineers, firemen (not locomotive) -. --. 4 0 4) 1, 216: 0 
Txon-and: steel wOrkere: see ee ee 4 0 4 300 0 
Manufacturers, officials, ete.............. 1 0 1 925 0 
RRMA ch nas 2 Pe eee 13 0 13| 1,392 0 
Masong, ‘brickand'stone:.): 205.0. 2.2-- 3 0 3 | 1,153 0 
PApeO MANSCIS...2-<- 2. ee eee eee 2 0 2 | 363 0 
PAO ROES ot on) so See ee oe 1 0 1 | 465 0 
Plumbers, gas and steam fitters.......... | 5 0 5| 1,074 0 
Printers, lithographers, pressmen........ 5 4 9), 2,942 481 
PEDTOUS S252 Ue tact Sern oes 1 0 i 616 0 
Miscellaneous: | 
Persons attending school............-.--. 84 85|  169| - 18,788 21, 116 39, 904 
Infants and small children.............-- 25 20 45 | (?) | (?) (?) 
ITLOUSE WIVES... = Seco. ber ee eee eee 0 48 48 | 0) 35, 000 © 35, 00 
IROSEMON EA te a ee eee eee 2 2 |... sete eee een ee 
Inmates of institutions.........-....-.--- 3 1 4a Sa pee ae 
Ne 'OCCUpAliOn. .:. 225.2 oe eae oe iv 12 13 |... 0 ote a he nine 
Timners and stove. fitters." -. 2. 4.252. 2 1 0 1 |... site 4 bd er 
Coppersmiths =. 22... 24524 sa ose eee = 1 0 res Ro 
Inspector, city water department.-....... 1 0) ] |... 3c. eee ee 
Elevator DOYS: 262-522 oo rece eae oe 2 0 2 oe sete hoe shee pee 
Dyers cleaners i227 anodes «eee cere | 1 0 1... eee 
PIBSEILCR > Skates ek toa eee | 0 1 1 |... ns Seie eee 
Phaemaciste:: fis 4 oe eee oe | 1 0 1 | 9... 2. een age 
Chaiteurs.°.:: 52 - CP em ce See ee DOS 1 0 1 |... 2.883002 32ce ee ee 
Veterinary surgeons...........- hare Raine 1 0 1 |. Scere eee ee no 
Manicurishs! soe ec oe setae ere 0 1 1 | a. nose oe 
Notidetermine ==. 2-327 a -e eee oe | 0 er 
IGE S" site ul 2 ede hee eee ai |» 304 | 219 523 |. cenaeee |. eee a 
| | 


a Our estimate. 


It is evident that the disease was fairly uniformly distribute 
among persons regardless of occupation. The rate is seen to hay 
been somewhat disproportionately high among electricians, hostler 
porters and helpers in stores, steam railroad employees, street ral 
way employees, telegraph and telephone operators, iron and _ ste 
workers, machinists, paper hangers and plumbers. 


INFECTION BY CONTACT. 


Of the 523 cases, 70, or about 13 per cent, gave a history of havir 
had within thirty days prior to onset of illness free and intimate ass 
ciation with typhoid patients in the febrile stage of the disease, a1 
were attributable to infection by direct contact. In these 70 cas 
are not inctuded several giving a history of contact, but consider 
as being more probably attributable to some other factor such as mil 
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The following table gives the interval in days elapsing between 
the definite onset of illness of the 70 secondary cases and the definite 
onset of the primary cases from which these 70 cases were considered 

to have contracted the infection : 


Number of days elapsing eee | Number of days elapsing ere ed 
between onset of primary ondary | between onset of primary andary 
and secondary case. cases. | and secondary case. eanes. 

7 2 35 l 
8 3 36 ] 
9 4 39 l 
10 3 40 | 
11 3 4] I 
iD, 2 44 1 
14 1 46 1 
16 1 48 | 
17 1 51 l 
18 2 53 1 
19 2 54 1 
20 il Not accurately determined_ 6 
21 1 Interval not determined, 
22 1 secondary cases being 
‘ 24 Z among physicians, nurses, | 
25 3 helpers, or inmates of | 
27 1 hospitals who were more | 
28 2 or less constantly ex- 
29 2 | DOSEGIE tase) we igs Sein oes 12 
+ 2 | LRopale! sei een tee 70 
31 i! | 
33 iit | 


These figures emphasize the importance of exercising the utmost 
precautions to prevent the spread of infection from typhoid fever 
patients from the onset to the end of the illness. 

Among the cases not definitely attributable to a known factor there 
were 16 which gave a history of association with febrile cases sus- 
pected to be but not reported as typhoid fever. In 45 cases indirect 
conveyance of infection by persons or flies was strongly suggested. 
In determining that conveyance of infection by flies was probable 
the proximity of the house occupied by the primary case to that oc- 
cupied by the secondary case, the number of flies“ in the neighbor- 
hood and the ease with which they could pass from the infected ex- 
ereta of the primary case to the food of the secondary case, and all 
other conditions thought to have any bearing on the situation, were 
taken into consideration, 


“Tt is difficult to estimate the part played by flies in spreading the infection of 
typhoid in a city having a good sewerage system. However, it is evidently 
advisable to lessen their number, which may be successfully done in a com- 
munity by the proper disposal of manure, 
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Four cases gave a history of association with persons convalescing 
from typhoid fever. 

It seems fair to estimate the chances of these 65 cases having be. 
come infected by contact at about 50 per cent; and so, adding 32 of 
these to the 70 considered as almost conenaian having been infected 
by contact, there were 102, or about 19 per cent, of the 523 cases 
attributable to contact. These 102 cases compose about 15 per cent 
of the total 670 cases investigated, as compared with 6.23 per cent 
(estimated on the same basis of probability) of the 866 cases investi- 
gated in 1906. 

In endeavoring to determine what part, if any, chronic bacillus 

‘arriers have in che dissemination of typhoid fever infection in the 
District of Columbia, the following data in regard to association of 
the 523 cases with persons who hate had oho fever within the five 
years previous were obtained : 


Amount of association. 
Association 30 days prior to onset with persons who a 7 
had had typhoid fever within— .« Intimate: Fr, Slight. pe 
Sis OMG Ss: © Se ee ee a ee ee 2 nl a 4 
COMO V CBT As oe a aa ee a a 8 5 3 16 
HNWO SV ORT Se moo bok) oe ee ee 3 5 2 1¢ 
TWEGCVGAIS.(- <P ee ee fi 5 2 14 
OGUTSVORQES= == o>. =). 2 ae 6 ae Be ee ee ee ee 2 2 0 4 
Vey E ths Pee eee ee eee ee BYE ly Bete Se een Oey Me! Ee 6 | 3} 2 | 11 
NONGUMNO Wl 5-5 ree Se ee 2 ae ee ee [penne ee nen|--e------- | : 


OC th ee eee oe ee Eien a aoe as 28 | 21 10 | 


For people living in large cities, exact data as to association during 
a period of thirty days with persons who have had, sometime within 
the previous five years, an attack of typhoid fever would be almost if 
not quite impossible to obtain, and so the data presented in the above 
table refer almost entirely to association with other members of the 
family or with intimate friends. The number of cases giving a 
history of such association is, therefore, necessarily far below the — 
actual. | 

Effort was made to obtain from persons who had had typhoid 
within five years and with whom the cases had associated specimens 
of feces for bacteriological examination; but this effort did not meet 
with much success, as many of the people showed a reluctance, from 
perhaps some eee sense of delicacy, toward collection of the 
specimens. Some of the specimens were too old before they reached 
the laboratory to give reliable results. | 

Data relative to newcomers in the residences at which cases oc- 
curred are given in the following table. By newcomers we mean 
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persons who moved into a household within three months of the 
nset of the case. 


Number of cases at private residences at which one or more newcomers 
lived within thirty days prior to occurrence cf case____ keel | 


me hotels, hospitals, and other public institutions____.______-___-__--~- 91 
ES ES Sage ey a ee eae ee 2S he: ae ee Oe 3 
Perens, |...) Cue GROG CR ee A ee ES Pe” a 465 

CDEP St eae ey Re en eee eee 523 


Of the neweomers at private residences where cases occurred, 6 
gave typhoid fever histories as follows: Four years prior, 1 case; 
five years prior, 1 case; twelve years prior, 1 case; thirteen years 
prior, 1 case; twenty years prior, 1 case; sixty years prior, 1 case. 

_ For 20 cases the newcomers were said to have never had typhoid 
fever and for 10 cases typhoid histories of the newcomers were not 
obtainable. 

In the endeavor to learn what part was played by servants in the 
transmission of typhoid fever infection to their employers, the fol- 
lowing data were obtained: 

Seventy-one, or 13 per cent, of the 523 cases occurred at homes at 
which servants were employed. Of the last 306 cases investigated 
in 1906 and of which data regarding servants were obtained, 69, or 
22 per cent, occurred at homes at which servants were employed. The 
difference in the percentage of cases occurring at homes where there 
were servants for the 1906 and the 1907 periods shows very well the 
difference in the class of people affected during the two periods. 

Of the 71 cases occurring in the 1907 period at homes at which 
servants were employed, 3 were at homes where white servants were 
employed and resided, 1 was at a home where a white servant was 
employed, but who went to his own home at night, 23 were at homes 
where colored servants were employed and resided, and 44 at homes 
where colored servants were employed, but who went to their own 
homes at night. 

Of the 97 servants who were employed at the homes of these 71 
eases the typhoid histories were as follows: 


White resident servants who had had typhoid fever (eighteen years prior)_ 1 
White resident servants who had not had typhoid fever______ = ie 3 
White nonresident servants who had had typhoid___________ Jil oees 0 
White nonresident servants who had not had typhoid________________ z 1 


Colored resident servants who had had typhoid (six years prior)—————-__ 1 
Colored resident servants who had not had typhoid______________________ 33 
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Colored nonresident servants who had had typhoid fever (3, two years 
prior; 1, four years prior; 1, five years prior; 2, six years prior; 1, ten 
years prior) ~.-.-.~~-._ ~<a eee 

Colored nonresident servants who had not had typhoid fever_____._______ L 

Colored nonresident servants of whom typhoid histories were not obtained_ 9) 
Seventeen cases occurred at hotels, hospitals, or other public insti 

tutions at which there was a shifting of the servant population; so 

that accurate data regarding servants could not be obtained. 

In no instance was a history obtained of the existence of typhoid 
fever cases at the homes of the nonresident servants during the three 
or four weeks prior to the onset of cases, nor was there any instance 
in which the information obtained indicated that the infection was 
conveyed by the servants to the members of employers’ families. 

There were 30 instances in which two or more cases developed in 
the same house, and in these 30 houses there were, all told, 73 cases. 
The largest number of cases occurring in one house was 4, and there 
were two such instanees. Of these 73 cases, 34 were attributed to 
infection by direct contact, 7 to milk infection, and 32 to factors not 
determined. 

Of the cases investigated by us in 1907, there were instances in 
which patients were cared for during the whole or a part of their 
illness in buildings at which there were grocery stores, bakeries, 
dairies, saloons, or restaurants, as follows: . 
Class of establishment: Cases, 

Grocery stores __--_----_-1u__-_ tL 22 ee 10 
Bakeries __.- £2. 2 22h es sk. Se ee eee 4 
Dairies: «225225427 --4-85- 23 ae Se ee 


Saloons —...-i-.--+_ = ane ne eee 4 
Restaurants... 2. eS ee eee 


In the majority of these instances some member of the family or 
other person in attendance on the patient was closely associated with 
the business; also in the majority of instances the precautions taken 
in the disposal of stools, urine, etc., were decidedly inefficient. | 

In considering the number of ways in which infection by personal 
contact may occur, it is easy to understand that many cases of typhoid 
fever in a large city may be due to infection by contact which can 
not be traced. 

The time seems ripe and our knowledge of the subject sufficie 
to warrant the regarding of typhoid fever as being in large part 
a contact disease, and its prophylactic treatment as a quarantinable 
disease. | 

PROPHYLAXIS. 


Of the total 670 cases investigated, 310, or 46.2 per cent, were | 
treated at hospitals. One case was treated from the time of onset of 
illness at a place out of the District of Columbia. The time of admis= 


a. 
i. 


ithin 
ithin fifteen days 


twenty days 
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ion to the hospital of cases considered as having contracted the 
ion in the District of Columbia was is follows: 


fm five days after onset of iliness-____.________________- 
ten days after onset of illness____—_~~ 
after onset of illness______._ 
after onset of illness_____. 

twenty-five days after onset of illness__ 
thirty days after onset of illness__ 


infec- 


Cases. 


NS ic! 26 


Of the 117 cases considered as undoubtedly having contracted the 


infection out of the District of Columbia, 78 were treated at hos- 
pitals; and of the 30 which were considered as almost certainly hav- 
‘ing contracted the infection out of the District of Columbia, 13 were 


treated at hospitals. 


Of these 91 imported cases treated at hospitals, 


67 were taken from places out of the District of Columbia directly 
to hospitals for treatment and 24 were taken to hospitals after being 


treated at private residences in the District of Columbia 


At private residences : 


rs ee ei be Jn el ee 


as follows: 


Cases. 


ig oe te oe ay 


ene 8 


Mave days ___-__-_ Ses 
Six days 


| 
l 
| 
| 
mt DO lO bo 


ee 
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ame gays ok mie Be 


aaa ee 


iweive days___-____- 


fe went-tour days __________-_ 


ge ee 


me bo e& bd bo 


This year, as in 1906, the good percentage of cases, particularly of 


the imported cases, treated at hospitals was encouraging, as the facil- 
ities for preventing the spread of infection are usually much better 
in hospitals than at private residences. 


professional nurses.. 


Of the 359 cases treated at private residences, 90 were attended by 
‘The treatment of stools and urine with disin- 
fectants was considered efficient for 128 cases, inefficient for | 


180, of 


doubtful efficiency for 48, and the method not ascertained for 3 


Of the 180 patients whose stools and urine were inefficiently treated 


‘no attempt at disinfection was made for 65; the treatment was inefli- 

cient on account of the small quantity of disinfectant used for 58; 
and on account of a shortness of time of exposure of excreta to dis- 
‘infectant for 57. For 48 of the patients the treatment of the stools 
and urine was considered of doubtful efficiency because the agent used 
for accomplishing the disinfection was of doubtful value. 


ye 
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The large number of instances in which the stools and urine of th 
patients were not properly disinfected shows the need of some radical 
action to be taken in regard to this matter. 

Of other measures to prevent the spread of the infection, such as 
treatment of clothing, bedding, dishes, ete., used by the patients, the 
precautions carried out were considered efficient for 79, fairly efficient 
for 96, inefficient for 181, and not determined for 3. 

Of the cases investigated by us in 1906, the treatment of the stools: 
and urine of the patients cared for at private residences was as 
follows: 


Treatment of stools and urine: Cases. — 
Bifieient 2 2 se ee Se a re ee 145 
Inefficient... 4 a bee ee, ue 286 
OF doupitul eticiency..:6 2.2. °3.. 22 bt Se rr ---- oa 
Method not determined_____________ oe 6 eee ao ee 108: 


USGA Ce 25k ee See et eles ie fo a eee ~— io eS eee 492° 


Thus, of the cases investigated by us in 1906 and in 1907 for the 
large majority cared for at private residences, the treatment with — 
disinfectants of the stools and urine and the other measures to pre- 
vent the spread of infection from the patients were decidedly in- 
efficient. 

SUMMARY FOR 1907. 


Six hundred and seventy cases investigated May 1 to November 1, 1907: 


Percent- | 


Cases. 4 


age. 
a ; oe i. ee 
Infection contracted out of District of Columbia. _-_*-_-2__ eee 174 25.97 
infection attributed to milk. «.- 20). ee eee 48 7.1 
Inftection-attributed to contact._W..--262 4-2 sa2becno ee eee eee 102 15.22 
Mecounbed LOM. = 22 2.22 Sn es ek 3S eee ee 324 18.36 
winaccounted for. 2-2 seo eee ee eee 346 51.64 | 
—— Se 
Mota. ki 2s ec cs 2 a ee 2 ee ee eee 670 100.00 


Or, considering only the 523 cases, of which 363 undoubtedly and 
160 probably contracted the infection in the District of Columbia, 
we have— 


Percent- 
Ihespiea age. 
# 
MueeHOn Bttripited to Milk. 223i ene ess ee es oe Oe eee 48 9.18 
intecmol ALifinubed TO CONTHCt. 2-8 2 Se esel eee a ee 102 19.50 
MEI i ei end oe i i eo 150 28.68 
mmCEOUN LEG TOPs. ise ee ee bE eee 373 71.82 
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To contrast with the above figures we reprint the following sum- 
ary of our findings in 1906 from Hygienic Laboratory Bulletin No. 
), page 57: 

SUMMARY FOR 1906. 


Wight hundred and sixty-six cases investigated June 1 to Nevember 1, 1906: 


| Percent- 


Cases. | age. 
eon contracted Out of District of Columbia--.-....--..-.----.--.----.-.----.-- 129 | 14.89 
fection attributed to milk or ice cream____----------------------__- ry oes ae | 85 | 9.81 
EY ae 54 | 6.23 
I i rirenerin ct nn nn nn n= nn n= 5 n= oo 268 | 30.93 
I hk Sh nn ae ae | 598 | 69.07 


EE a ee Lr ae | 866 100.00 


Or, considering only the 747 cases, of which 681 undoubtedly and 
6 probably contracted the infection in the District of Columbia, we 
nVe— 


—_ 


4. | Percent- 

Cases. age. 
(ttributed to infection by milk or ice cream________--__----------------------____--- 85 11.30 
Suenieo tiagecvion by contact... __-________________2____-____1_-__-__-._----. 54 7.30 
TE a eR SE a a ee ee 139 18.60 
i ES er ae oe ee ne re ee rere 608 81.40 
a re ee Se 747 100.00 


The above figures are necessarily not exact, but are approximations 
ee : . i 
based on the findings. 


CONCLUSIONS. 


1. Much of the typhoid fever in the District of Columbia is im- 
ported. 

: 2. Many cases in the District of Columbia are contracted through 
mtact with persons, or with articles handled or soiled by persons 
in the febrile stage of the disease. The especial prevalence of the 
d isease among children in the District of Columbia probably has an 
important bearing on the spread of the infection by contact. 

8. Infected milk is one of the important known factors in the 
spread of the disease in the District of Columbia. 

4. The filtered Potomac River water during the typhoid season of 
907 (May to September) was according to present bacteriologic 
ndards of good sanitary quality and so far as could be ascertained 
as not responsible for the spread of the infection. 

In the typhoid season of 1907 there were about 200 cases less than 
the 1906 period. This improvement in the situation suggests that 
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the diminution in the amount of typhoid fever in the District o 
Columbia was due to the improvement in the quality of the drinkin, 
water as the result of sand filtration. Positive proof of this can no 
now be established. However, a careful study of typhoid fever in 
the District of Columbia for the next three to five years will throy 
much light on the réle played by the Potomac River water in previous 
years. | 

RECOMMENDATIONS. 


We recommend: . 
1. That all cases of typhoid fever and all cases of suspected typhoic 
fever shall be treated as contagious and dangerous to the community 
This should include isolation, placarding, the prompt disinfection of 
the discharges, the patient’s bedding, ete. | 
2. That laboratory facilities be provided free of cost to aid phy- 
siclans in the early diagnosis of typhoid fever and also to determine - 
when persons who have had the disease no longer menace the public 
health by discharging typhoid bacilli. 
3. That all milk not “ certified ” or “ inspected ” @ shall be pasteur 
ized, under official surveillance, especially during the typhoid feve 
season. — 
4. The enactment of a law prohibiting the handling or sale of mill 
or milk products in any dwelling or in any structure so situated as te 
render contamination of these products especially lable. 
5. The enactment of a law prohibiting the care of a case of typhoi 
fever in any house where foods or beverages liable to convey the in 
fection are sold or prepared for sale. q 
6. That in order to furnish a water supply of a satisfactory grade: 
of purity throughout the year, additional storage reservoirs shall b 
constructed, or a coagulant (alum) shall be used during periods of 
high turbidity. 


“For the definition of ‘‘ certified’ or ‘“‘ inspected” milk, see “ The classifica 
tion of market milk,” by A. D. Melvin, Hygienic Laboratory Bulletin No. 41, ] 
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LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 
i AND MARINE-HOSPITAL SERVICE. 


The Hygienic Laboratory was established in New York, at the Marine Hos- 
pital on Staten Island, August, 1887. It was transferred to Washington, with 
quarters in the Butler Building, June 11, 1891, and a new laboratory building, 
located in Washington, was activnten by act of Congress, March 3, 1901, 

I The following bulletins | Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.- 
Hosp. Serv., Wash.] have been issued: 

_ *No. 1.—Preliminary note on the viability of the Bacillus pestis. By M. J. 
Rosenau. 

No, 2.—Formalin disinfection of baggage without apparatus. By M. J. 
Rosenau. 

*No. 5.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) 
applied to the destruction of rats. By M. J. Rosenau. 

_ *No. 6.—Disinfection against mosquitoes with formaldehyd and sulphur 
dioxid. By M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and 
Edward Francis; Collodium sacs, by S. B. Grubbs and Edward Francis; 
Microphotography with simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the “ United States 
Marine Hospital Service” was changed to the “Public Health and Marine- 
Hospital Service of the United States,’ and three new divisions were added to 
the Hygienic Laboratory. 

_ Since the change of name of the Service the bulletins of the Hygienic Labora- 
tory have been continued in the same numerical order, as follows: 

_ *No, 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
(Revised edition March, 1904.) 

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

No. 10.—Report upon the prevalence and geographic distribution of hook- 
worm disease (uncinariasis or anchylostomiasis) in the United States. By Ch. 
Wardell Stiles. 

*No. 11.—An experimental investigation of T'rypanosoma lewisi. By Edward 
Francis. 

*No. 12.—The bacteriological impurities of vaccine virus; an experimental 
study. By M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male 
patients at the United States Government Hospital for the Insane; by Philip 
KE. Garrison, Brayton H. Ransom, and Earle C. Stevenson. <A parasitic round- 
worm (Agamomermis culicis n. g., n. sp.) in American mosquitoes (Culexr 
Sollicitans) ; by Ch. Wardell Stiles. The type species of the cestode genus 
Hymenolepis ; by Ch. Wardell Stiles. 

No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. 
by John IF, Anderson. 
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No. 15.—Inefliciency of ferrous sulphate as an antiseptic and germicide. 1 
Allen J. MeLaughlin. 
*No. 16.—The antiseptic and germicidal properties of glycerin. By M, J 
Rosenau. A 
*No. 17.—Illustrated key to the trematode parasites of man. By Ch. Warde 
Stiles. 
*No. 18.—An account of the tapeworms of the genus //ymenolepis parasiti 
i. man, including reports of several new cases of the dwarf tapeworm (# 
nana) in the United States. By Brayton H. Ransom. 
*No. 19.—A method for inoculating animals with precise amounts. By M. J 
Rosenau. 
*No. 20.—A zoological investigation into the cause, transmission, and soure 
of Rocky Mountain “spotted fever.” By Ch. Wardell Stiles. 
No. 21.—The immunity unit for standardizing diphtheria antitoxin (base 
on Ehrlich’s normal serum). Official standard prepared under the act approve 
July 1, 1902. By M. J. Rosenau. 
*No 22.—Chloride of zinc as a deodorant antiseptic, and germicide. 
Th. MeCiintic. 

*No. 23.—Changes in the Pharmacopeia of the United States of America 
Wighth Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No. 24.—Thé International Code of Zoological Nomenclature as applied ft 
medicine. By Ch. Wardell Stiles. 

No. 25.—lIllustrated key to the cestode parasites of man. By Ch. Wardel 
Stiles. 
No. 26.—On the stability of the oxidases and their conduct toward variou 
reagents. The conduct of phenolphthalein in the animal organism. <A test fo 
saccharin, and a simple method of distinguishing between cumarin and vanillil 
The toxicity of ozone and other oxidizing agents to lipase. The influence a 
chemical constitution on the lipolytic hydrolysis of etheral salts. By J. 
Kastle. | 

No. 27.—The limitations of formaldehyde gas as a disinfectant with specia 
reference to car sanitation. By Thomas B. McClintic. 

No. 28.—A statistical study of the prevalence of intestinal worms in mal 
By Ch. Wardell Stiles and Philip E. Garrison. , 

*No. 29.—A study of the cause of sudden death following the injection 0 
horse serum. By M. J. Rosenau and Jobn FI’. Anderson. 

No. 30.—I. Maternal transmission of immunity to diphtheria toxine. 
Maternal transmission of immunity to diphtheria toxine and hypersuseptibilit 
to horse serum in the same animal. By John F. Anderson. 

No. 31.—Variations in the peroxidase activity of the blood in health at 
disease. By Joseph H. Kastle and Harold L. Amoss. 

No, 32.—A stomach lesion in guinea pigs caused by diphtheria toxine a 
its bearing upon experimental gastric ulcer. By M. J. Rosenau and John 
Anderson. 

No. 33.—Studies in experimental alcoholism. By Reid Hunt. 

No. 34.—I. Agamo/filaria georgiana nh. sp., an apparently new roundwor 
parasite from the ankle of a negress. II. The zoological characters of tl 
roundworm genus /ilaria Mueller, 1787. III. Three new American cases” 
infection of man with horsehair worms (species Paragordius varius), wl 
summary of all cases reported to date. By Ch. Wardell Stiles. 

No. 35.—Report on the origin and prevalence of typhoid fever in the Dist 
of Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (1 
cluding articles contributed by Cr. Wardell Stiles, Joseph Goldberger, and A. | 
Stimson.) 
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~ No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. 
Rosenau and John FI. Anderson. 

No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: 
frematoda and trematode diseases. By Ch. Wardell Stiles and Albert Ilassall. 
| No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By 
. J. Rosenau and John I. Anderson. 

No. 39.—The antiseptic and germicidal properties of solutions of formatde- 
de and their action upon toxines. By John I*, Anderson. 

No. 40.—Miscellaneous zoological papers. By Ch. Wardell Stiles and Joseph 
soldberger. 

No. 41.—Milk and its relation to the public health. By various authors. 

No. 42.—The thermal death points of pathogenic micro-organisms in milk. By 
M. J. Rosenau. 

_ No. 43.—The standardization of tetanus antitoxin, An American unit estab- 
lished under authority of the act of July 1, 1902. By M. J. Rosenau and John 
‘, Anderson. 

_ No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the 
District of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. 
Kastle. ; 

In citing these bulletins, beginning with No. 8, bibliographers and authors are 
requested to adopt the following abbreviations: Bull. No. ——, Hyg. Lab., U. 8. 
Pub. Health & Mar.-Hosp. Serv., Wash., pp. : 


MAILING LIST. 


The Service will enter into exchange of publications with medical and 
scientific organizations, societies, laboratories, journals, and authors. ALL 
APPLICATIONS FOR THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE ‘ SURGEON- 
ENERAL, U. S. PUBLIC HEALTH AND MARINE-HOSPITAL SERVICE, WASHINGTON, 
. C.,” EXCEPT THOSE MARKED (*). 
The editions of the publications marked (*), available for distribution by 
he Surgeon-General of the Public Health and Marine-Hospital Service, have 
been exhausted. Copies may, however, be obtained from the Superintendent of 
oaments Government Printing Office, Washington, D. C., who sells publica- 
eons at cost and to whom requests for publications thus marked should be made. 
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FURTHER STUDIES UPON ANAPHYLAXIS.’ 


By Mitton J. Rosenau, 
‘urgeon, Director Hygienic Laboratory, U.S. Public Health and Marine- Hospital Service, 
and 
JoHN F. ANDERSON, 
assed Assistant Surgeon, Assistant Director Hygienic Laboratory. U.S. Public Health 
and Marine-Hospital Service. 


PART 1.—THE PERIOD OF INCUBATION. 


In our first publication® from a limited series of experiments we 
ound the ‘‘period of incubation,” or the time necessary to elapse 
etween the first and second injection, to be about ten days. We 
ere give the results of three series of tests in order to clear up 
he following interesting details concerning the period of incubation: 
1) Does the hypersusceptibility come on abruptly or gradually? 
2) Do guinea pigs sensitized in the brain have a shorter period of 
icubation than those sensitized subcutaneously? (38) Is the period 
f incubation constant or variable? 


TaBLE No. 1.—Period of incubation. 


t p.| eset Inter- eee 
No. First injection. es in Second injection. Result. 
ys. 
436 | 0.01 ¢. ec. normal horse serum 4 | 6¢e. ce. normal horse serum sub- | No symptoms. 
subcutaneously. cutaneously. 
. | OO. oc ooo eee A ponent GO Rats Se ode eet No symptoms. 
Co) os 20 Bt aeRO OME SS Hee oe wee ache oe No symptoms. 
439 |..... 0 alae 71 0) oe eg ee ae No symptoms. 
440 |..... OO lett Gi CLO eel see co ee No symptoms. 
Cc) 0 woe 0k Gale LORY 8s oes ace ee No symptoms. 
442 Bee oo.) 2 pee fea: * ah eae GOS ead eee ee No symptoms. 
443 )..... UO. 3 Ra. COs es ES SS eS No symptoms. 
| 0.6 Ree ee es CO re a SR Ot tee | No symptoms. 
445 |..... a Gnlret- Ure as re ee de ah No symptoms. 
446 |..... a ye BO ee See ae ae eee | Slight symptoms. 
AAT Pes: a 0 Oh Seen wey Corre pre ih eee TAs ds. Slight symptoms. 
ct ||| Soo re (gee SRB pie te Or tS See aad Marked symptoms. 
449 |}... Re ee 10), Bete 7 LO ek at ene er ee | Marked symptoms. 


«Manuscript submitted for publication May 5, 1908. 

> Rosenau, M. J., and Anderson, John F.: A study of the cause of sudden death following the in- 
ction of horse serum. Hyg. Lab. Bul. No. 29, April, 1906,95 p. Also Bul. No. 36, Further studies 
pon hypersusceptibility and immunity. 
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TABLE No. 2.—Period of incubation. 


G.P Net” ee Inter- ae 
nie First injection. val in Second injection. Result. 
, days 

1363 | 0.01 ec. c. normal horse serum | __ 1 6¢.c.normal horse serum intra- | No symptoms. 

into brain. peritoneally. 
1964 |..... 0:5... | Bolen ARO. dace cee eee ee No symptoms. 
1365 |2..-% Goss 3.2.5 ee ee eee a eee GO. <2. ss bccn ce No symptoms. 
166-225 - O02 ge Saree oe eee A ae GO..25 Sinn eetet ee Suggestive. 
1367. l..- GD oho Soap Ee as tne Cae ie eee dO... «sanh2nesact Gee eee Suggestive. 
(et pees GO 2 02 conn oe eee meee eee oe (6 Co au ee RN tn Died in 25 minutes, 
271 ae 6 (5 aE ea heir ala” Be Shee 6 (Ce a Suggestive. 
tag. 32% OEE SS no eee aes ee Oe Pee ia GO, 32.2343. 0000en Slight symptoms, 
jy DG OS Fie oo Raid) ae eee ae TON Ree GO. <0. 35 5-6. e eee eee Dead in 35 minutes 
IB72 Nees 2 CLO Pe | Dae Fk ee ae et Ae 10 | 6c. e. normal horse serum sub- | Mild symptoms. 

cutaneously. 
| 


TABLE No. 3.—Period of incubation. 


G. P. cori etch ens Inter- eum 
Nias First injection. ae in Second injection. Result. 
ays. 
1423 | 0.01 c. c. normal horse serum 4 | 6¢c.c.normal horse serum sub- | No symptoms. 
into brain. cutaneously. 7 
ge 2 Nl ee na (0 0 Oa cies tet Ieetees te a aera Bl eee dO. 2... deen ee Oe eee No symptoms. 
le DSSS eae GOS) Seco ees sees By |koess (6 0 SE res No symptoms. 
1426s ne = COs oes tal sat (Blea (0 C0 ee Re Rif ss No symptoms. 
ne sl betas GMO 5c) tke senor rm elo cter etna Sl eer GOL. <j. 6at Jas ee ee No symptoms. 
1429 Ae O'S ae er at Rice oe ict eos Giese 5 dO. . sc- +552 0eceseo cee No symptoms. 
eg en GO. Bsa matteo eae Tah eT dO: = iil ae eae No symptoms. 
VASO al eee GOs eee Sateen (PiRcaes (c (oS Re Aa + Slight symptoms. 
1430 |e sss Ose ree ete Sanat ee Skies cee OG s:3230is sete eee Slight symptoms, 
Co) re Oe wo ee Se eee eee a Stat oe Os)... 5st 3 oe Slight symptoms 
eh Eee MOE ee eerie See Ue ee eae On| =a 6 (0 eee IE Slight symptoms. 
1434 |...-. 0 ae EE ere ep EEL oe | Ue tet dO. 2 tao. . dees oo Slight symptoms. 
1435 |...-. LE er ae Beg id RS ene ate es ee | UR eee GOts, <. oes ene eee Marked symptom 
| 


It will be seen from the above work that the period of incubation: 
about seven days or less in guinea pigs sensitized in the brain and abot 
nine days in guinea pigs sensitized subcutaneously. So far as me 
be judged, it therefore appears that the period of incubation is som 
what shorter in guinea pigs sensitized in the brain than those ser 
sitized subcutaneously. It also seems quite evident that the set 
sitization comes on somewhat gradually. Judged by our own resul 
and the work of others, the period of incubation is quite constant. 

Lewis” states that the incubation period is not to be considere 
as abruptly terminating at a given day. He says that he has mac 
an animal quite sick by the intracardial injection of 2 c. c. of seru 
on the sixth day after a toxine-antitoxin mixture. 


« Lewis, Paul A.: The induced susceptibility of the guinea pig to the toxic acti 
of the blood serum of the horse. Journ. Exper. Med., vol. 10, No. 1, Jan. 1, 1908, p 
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ELATION OF THE AMOUNT OF THE SENSITIZING DOSE TO 
THE TIME INTERVAL. 


It seemed to us at one time in our work that animals injected 
ith a large quantity of horse serum at the first injection had a more 
rolonged period of incubation or were less sensitive than guinea pigs 
given the usual minute amounts. We conjectured that this might 
have been due to the slow absorption of the serum, thus having 
somewhat the immunizing effect of repeated injections. We there- 
fore prepared four series of guinea pigs: One sensitized with 0.01 
¢. c., a second with 0.1 ¢.c., a third with 1 ¢. ¢., and a fourth with 
8 c. c. of normal horse serum. All of these animals were subse- 
quently tested by intracerebral injections of the same normal horse 
serum. i 

So far as may be judged from this work, the period of incubation 
is not appreciably prolonged by a large sensitizing dose. Further, 
the animals sensitized with horse serum alone, remain so for a long 
period of time (245 days). 


TaBLE No. 4.—Relation of amount to sensitization. 


=. P. TF Oe Inter- eee 
oa First injection. ~~ in Second injection. Result. 
ys. 
1148 | 0.01 ec. c. normal horse (roan) 14 | 0.25 c. ec. normal horse (roan) | Marked symptoms. 
serum subcutaneously. serum into brain. 
T49 }..... 2 eee 1 Y jl Qe ee Se tee ae Uae ras | Dead in 5 minutes. 
05) “0.2 (id ergo oan Ap | aeees. COS een. eee eae tere eet ae Severe symptoms. 
he GOe Sas. | oo oe Sean BO" lesa OG tee ao roe ee sen Sere re Severe symptoms. 
1152 eee ch pete Fi eat 2 BAER OS en NN tL Dead in 6 minutes. 
0 Uo. 53o¢t jects NS lees GAO et eae ee nk So ee eine, Very severe symp- 
| toms. 
ly = Olt. ... 6: 5332 333s ease 245 | 0.2 c. c. normal horse (roan) | Mild symptoms. 
serum into brain. 
1158 | 0.1 ec. e. normal horse (roan) 14 | 0.25 ec. c. normal horse (roan) | Very severe symp- 
serum subcutaneously. serum into brain. toms. 
mp0 |... .. oS i ee be ae es Ree Le SS TE Severe symptoms. 
aa ti. te DAy terse Oreos Nae. ee oe ee eee: Severe symptoms. 
a 00... 4 eh .6enee Obi ee Cer eRe a nes ee. ee ee, Dead in 4 minutes. 
M103 |... on 110 | 0.5 ec. e. normal horse (roan) | Dead in 4 minutes. 
serum into brain. | 
ated |..... 00... 2 155 | 0.25 c. c. normal horse (roan) Very severe symp- 
| | serum into brain. toms. 
1165 | 1 e.¢.normal horse (roan) se- | 14 | 0.25 ec. ce. normal horse (roan) | Very severe symp- 
rum subcutaneously. i | serum into brain. toms. 
moo |..... MES oe a SS a fal eg Oe te ee ee Se re Severe symptoms. 
mor |..... RU eee ec ace hoes DAI ere MOM en 8 Feet Se Severe symptoms. 
MOL eee DAC. eee Oe ee a ee, Ns | Severe symptoms. 
an09 |..... 2 2 eee 5 Po oe ES agers innate Rte ee Very severe symp- 
toms. 
= 0). coat UGE as aoe CGS eae ee eats aaa 8 oe ae ee Very severe symp- 
S toms. 
Sere Se es 245 | 0.2 c. ce. normal horse (roan) | Mild symptoms. 
f ' serum into brain. 


GP: 
No. 


Taste No. 4.—Relation of amount to sensitization—Continued. 


First injection. 


1172 | 8c. c. normal horse (roan) se- 
rum subcutaneously. 


wee emer eee eee eee eee e tees eee 


Inter- 
valin 
days. 


14 


10. 


Second injection. 


0.25 c. c. normal horse (roan) 
serum into brain. 

belo (6 (0 ee ee 

Sa acte G0... ... 255 ts ee eee 

een dO. ...4. tes acee eee eee 

0.5 c. ce. normal horse (roan) 
serum into brain. 

0.25 ce. c. normal horse (roan) 
serum into brain. 

0.2 c. c. normal horse (roan) 


serum into brain. 


» otr air 
w on - v 
. “34s 
3 
fis 


» 


Result. 
a 


Severe symptoms 


Severe symptoms 
Severe symptoms 
Severe symptoms 
Very severe sym 

toms. 
Very severe symy 

toms. \ 
Mild symptoms. | 


PART 2.—THE SENSITIZING PRINCIPLE. 


THE EFFECT OF HEAT UPON THE SENSITIZING ACTION OF 
i HORSE SERUM. 


In previous publications we reported that the toxic action of horse 
serum was not destroyed when the serum was heated to 60° C. for six 
hours, but is entirely destroyed at 100° C. in fifteen minutes. Further 
work on this subject leads us to conclude that the sensitizing effect 
of horse serum is gradually influenced by heat, and almost entirely 
disappears when the serum is heated to 100° C. for one hour. 
The pigs sensitized with small quantities of horse serum heated to 
100° C. for one hour, when subsequently tested, developed very slight 
symptoms. 


TaBLE No. 5.—Effect of heat wpon sensitizing principle. 


GP Inter- 
ai First injection. val in Second injection. Result. 
No. days. 


Heated to 60° C. 


bo 
ou 


1193 | 0.02 c. ec. normal horse (roan) 0.25 c. ec. normal horse (roan) | Very severe symp- 
serum, diluted 1:3 with dis- serum into brain. . toms. 

tilled water and heated 60° 
for 1 hour, subcutaneously. 


Heated to 70° C. 


bo 
or 


1194 | 0.02 ec. ec. normal horse (roan) 6c. c. normal horse (roan) se- | Slight symptoms. 
serum, diluted 1:3 with dis- rum intraperitoneally. 
tilled water and heated 70° 

for 1 hour, subcutaneously. 


Ugo |..... 32. eS eee eee 25 | 0.25 ec. ec. normal horse (roan) | Dead in 4 minutes. 
Heated to 80° C. serum into brain. 

1197 | 0.02 ec. c. normal horse (roan) 25 | 6 ec. ec. normal horse (roan) se- | Marked symptoms; 

serum, diluted 1:3 with dis- rum intraperitoneally. died 2 days later. 


tilled water and heated 80° 
for 1 hour, subcutaneously. 


moo |..... UM wo ssc scene 25 | 0.25 ec. ec. normal horse (roan) | Severe symptoms. 
serum into brain. 

mae |.-... 00 4 ee 39 | 6 ec. c. normal horse (roan) se- | Mild symptoms. 
rum intraperitoneally. 

o2a4 j..... a Sy ae Qi oo eee on Gere. Severe symptoms. 

-3240 |..... es Se a 7: a ee ee eer eats Severe symptoms. 


Heated to 90° C. 


1199 | 0.02 c. ec. normal horse (roan) gl ae 5 oie, Cee hey 2 C iy Bos Bet No symptoms. 
serum, diluted 1:3 with dis- 
tilled water and heated 90° 
for 1 hour, subcutaneously. 


| Jame |... O06 (3 eee 25 | 0.25 ce. ec. normal horse (roan) | No symptoms. 
serum into brain. 
3238 |..... ASE ees 39 | 6 ec. c. normal horse (roan) se- | Dead in 90 minutes. 
rum intraperitoneally. 
3235 |..... i ee St ae CIS ee Se ge a ee ee No symptoms. 
a | ap, hed sot Stee se iets Shoe ee ee ol Marked symptoms. 
A (11) 


TasLe No. 5.—EKffect of heat upon sensitizing principle—Continued. 


> 
pes 7 First injection. 


Heated to 100° C. 


1200 | 0.02 ce. c. normal horse (roan) | 
serum, diluted 1:3 with dis- 
tilled water and heated 100° 

for 1 hour, subcutaneously. 


oe GOs. 2 saee kt ee Cee ee 
1358 | 1 c. e. normal horse (roan) se- 


rum, diluted 1:3 with distilled 
water and heated 100° for 1 
hour, subcutaneously. 


IS ses Oe So oe ee meee eee 
TSGOUIE 2 Ct CO et a 6 en ae eee 
SOs eee, VO Stee SONS ee ee 
R624 soe GEO Been che ea eee oe eee ie eee 


Go 
or 


| 
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Second injection. Result. 


= Se 


6c. c. normal horse (roan) se- 
rum intraperitoneally. 


No symptoms, 


0.25 c. ¢. normal horse (roan) 
serum into brain. 

0.2 c. c. normal horse (roan) se- 
rum into brain. 


No symptoms. 


No symptoms. 


Symptoms (?). 
No symptoms. 


6 ce. c. normal horse (roan) se- 
rum intraperitoneally.. 

6c. e. normal horse (roan) se- 
rum subcutaneously. 


_ Symptoms (?). 


Symptoms (?). 


CAN GUINEA PIGS BE SENSITIZED IN THE BRAIN? 


We were led to make the following experiments in view of a state=| 
ment made by Besredka and Steinhardt ¢ that guinea pigs were no 
sensitized when very small amounts are injected into the brain. Ver 
minute amounts when injected into the brain in our experiments, a 
well as the few reported by Besredka and Steinhardt, proved negative 

However, guinea pigs may be readily sensitized by intracerebr 
injections, provided quantities of 0.0001 ¢. c. or more are used. 
obtained negative results with sensitizing doses of 0.00001 ¢. ¢. 


6.—-Intracerebral sensitization. 


WV 


TABLE No. 
=k First injection. 
1202 0.25¢e.c.normal horse (roan) se- 
rum into brain. 
1208 2-222 GO ber Nase eae eee etree 
1204 "0.1 ¢. ¢. normal horse (roan) se- 
rum into brain. 
1 eee MO ta nerve Bake acts san Fae 
1207. 0.01 ¢.c. normal horse (roan) se- 
rum into brain. 
1206 | io5.42 CV ne OES ES Se} De BE ates Se nae 
1208 | 0.001 ¢. ¢. normal horse (roan) 
serum into brain. 
L200 os oe DORA RE ee eR eh we ae 
1210 0.0001 c. c. normal horse (roan) | 
serum into brain. 
TEL. leas oe Ce tn One See ie ae SO. 
1213 0.00001 c.c. normal horse (roan) 
serum into brain. | 
bs A 1 ee i Ey ee ES me jo 


a Ann. de l’Inst. ‘Pasteur, vol. 21, 1907, p. 384. 


Inter- 


val in | 
| days. 


25 


| 
| 
| 
| 


0.25 ¢.¢. same serum into brain. . 
'6¢.¢, same serum intraperito- 


neally. 
0.25 ¢.¢. same serum into brain. - 


Second injection. Result. 


6 c. ec. normal horse (roan) se- | Severe symptoms 
rum intraperitoneally. 


Marked symptom 
Mild symptoms. 

neally. ; 

0.25 ¢.¢. same serum into brain..| Marked symptom 

6c. ¢. same serum intraperito- | Severe sympto 


Marked sympto \ 

6 ¢. ¢. same serum intraperito- | Severe sympto 
neally. 

0.25 c.c. same serum into brain. . 


6¢.c. same serum intraperito- 


Slight symptoms. — 

Marked symptoms | 
neally. 

0.25 ¢. c. same serum into brain. - 

6¢.¢. same serum intraperito- 


Slight symptoms. 
No symptoms. — 
neally. 


0.25 ¢.¢. same serum into brain..| No symptoms. 
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GUINEA PIGS MAY BE SENSITIZED IN THE EYE. 


» may sensitize it to a second injection of horse serum given after 


oe = 


interval of seventeen days. 


TABLE No. 7.—Ocular sensitization. 


Inter- 


, First injection. val in Second injection. Result. 
mt days. 
0 EE EE ee ~ tae 
1340 | 1 drop normal horse serum into 17 | 6¢c.c. normal horse (roan) serum | Mild symptoms. 
each eye. intraperitcneally. 
1941 |....- 0 28 | 6 c.c. normal horse (roan) serum No symptoms. 
subcutaneously. 
1342 |..... Ee eee 28! |< mo One ie eee a Renae No symptoms. 


ATTEMPTS TO SENSITIZE GUINEA PIGS WITH PURE PROTEINS. 


We have assumed that it is a protein substance in the horse serum, 
ege-white, milk, vegetable extracts, etc., that we have tested which 
sensitizes guinea pigs and poisons them at the second injection. The 
substances used by us of course have a very complex composition, so 
that it became desirable to use solutions of pure proteins for these 
tests. We are indebted to Dr. Lafayette B. Mendel, New Haven, 
Conn., for a quantity of edestin and excelsin, which are protein sub- 
stances obtained in a chemically pure crystalline state. Our tests 
with these two particular proteins resulted negatively, due probably 
to the difficulty of obtaining a satisfactory solution of them. 


TaBLE No. 8.—Pure protein. 


G. P. First injection ar Second injection 
No. J 3 days. J : Result. 
ta — ~ — — 
1393 | 0.1 gm. edestin subcutaneously. .. 21 | 3c. c. 1 per cent solution edestin | No symptoms. 
in 10 per cent NaCl subcutane- 
i ously. 
1394 | 0.01 gm. edestin subcutaneously. . 1 gio EC SA Sie I ie PN Sas ete a 3 ' No symptoms. 
1395 | 0.001 gm. edestin subcutaneously . 4 ia eee Or Soe ee tee Buses. hos Lawes | No symptoms. 
1396 | 0.1 gm. edestin subcutaneously. -- 22 | 6c. ce. 1 per cent solution edestin | No symptoms. 
in 10 per cent NaCl subeutane- 
ously. 
1397 | 0.01 gm. edestin subcutaneously. . 7-7 ee DN «Dy IIE Te OT PRE No symptoms. 
1398 | 0.001 gm. edestin subcutaneously . Dale OR eae ees ree Pan Bs No symptoms. 
1399 | 0.1 gm. excelsin subcutaneously... 21 | 3¢.c.1 per cent solution excelsin | Symptoms(?). 
in 10 per cent NaCl subcutane- 
ously. 
1400 | 0.01 gm. excelsin subcutaneously. . Chg gee ah ag id EY po ee Symptoms (?). 
1401 | 0.001 gm. excelsin subcutaneously 21 | 4c. ¢.1 per cent solution excelsin Symptoms(?). 
in 10 per cent NaCl subcutane- 
ously. 
1402 | 0.1 gm. excelsin subcutaneously. - - 22 | 6c. c.1 per cent solution excelsin No symptoms. 
in 10 per cent NaCl subcutane- 
: ously. 
1403 0.01 gm. excelsin subcutaneously. .|_ Ph eae A IE eae ee hee ee No symptoms. 
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THE EFFECT OF BLOOD SERUM AND BRAIN OF SENSITIZE 
GUINEA PIGS UPON THE SENSITIZING SUBSTANCES. 


Normal horse serum was mixed with an equal volume of the blooc 
serum of a sensitive guinea pig and allowed to stand twenty-fou 
hours at room temperature before the mixture was injected into 
normal guinea pig. 

Normal horse serum was also mixed with the brain substance of. 
sensitive guinea pig, well rubbed up in a mortar, and allowed to stand — 
at room temperature twenty-four hours. The extract, strainec 
through gauze, was injected subcutaneously into normal guinea pigs. 

After a proper period of incubation these animals were tested and 
it was found that the anaphylactic phenomenon was in no wise 
modified by these procedures. 


TABLE No. 9. 
G.P.| | Inter- 
N : First injection. | val in Second injection. Result. 
“ig | days 
| isis 
1406 | 1¢.¢c. mixture of serum of G. P. 9558 19 | 0.2 ec. ec. normal horse (Ted- | Severe symptoms. 
| +normal horse (roan) serum, | dy) serum into brain. 
equal parts, subcutaneously. . 
TAO GO: Boe ae ee eet eee 19) | cance (c () OER ko - Severe symptoms. | 
1405 | 1 ec. c. mixture of brain of G. P. 198|5o- 22 6 Co ee IIe ar sos Severe symptonis. 
9558+normal horse (roan) serum, 
equal parts, subcutaneously. . 
140805 = =. Oo Seeeh s cr reece: So cee eee OU oe oes Oo. 26 322. a oe Severe symptoms, 


Guinea pig No. 9558 received a subcutaneous injection of .25 c. ¢. 
of diphtheria toxine No. 7+1/340 ¢. c. antitoxic serum (Welc. 839) 
61 days before being bled. 


‘ Ne 


PART 3.—THE TOXIC PRINCIPLE. 


THE EFFECT OF HEAT UPON THE TOXICITY OF HORSE 
SERUM. 


Tit will be seen from the following tables that normal horse serum 
may be heated to 90° C. for one hour and still remain slightly toxic 
when injected into a sensitized guinea pig. Its toxicity, however, 
is evidently markedly affected. Heating to 70° C. for one hour does 
not seem to appreciably diminish its poisonous properties, but it 
appears to be affected at 80° for one hour. At 100° for one hour the 
toxicity apparently disappears. 

Blood serum of course can not be heated to these high degrees 
without coagulation, and it is therefore necessary to dilute it in the 
proportion of one part of blood serum to three parts of distilled water. 
This dilution may then be heated to a high temperature without 
producing any visible change other than a slight opalescence. 

It appears that there is a slight difference between the sensitizing 
and toxic principles in horse serum so far as resistance to heat is 
concerned. Serum heated to 100° C. for one hour retains some power 
of sensitization, but seems to lose its toxicity when given at the 
second injection. This difference may be more apparent than real, 
for exceedingly minute amounts are sufficient to sensitize guinea pigs, 
while a very large quantity of weakened serum would be necessary 
to produce symptoms. It must be remembered that in our experi- 
ments 20 c. c. of the dilution represents but 5 c. c. of the serum. 

- These facts must be considered in drawing conclusions from work 
upon split proteins, fractional precipitation, or other methods to 
isolate the sensitizing substance in pure form. A very minute 
amount of the original protein substance in horse serum clinging to 
the globulins or other substances modified by chemical methods 
might be sufficient to sensitize guinea pigs, whereas it would require 
very large amounts of such a modified protein to poison a sensitive 
animal. 

(15) 


TasLe No. 10.—The effect of heat wpon the toxic principle. 


First injection. 


Inter- 
val in 
days. 


0.0006 ¢. ec. tetanus toxine 
A+0.22 ec. c. antitoxic horse 
serum (Ehrl.). 


531 


533 ‘0.0006 c. c. tetanus toxine 
A+0.24 ce. ec. antitoxic horse 
serum (Ehrl.). 

0.24 ec. ec. toxine No. 42+1/500 
c. ec. antitoxiec horse serum 
(Cutter 1858). 


8496 | 


8495 | 


0.24 c. ec. toxine 
_¢. ¢. antitoxie 
(PD 08043). 
0.24 c. ec. toxine 
c. ce. antitoxic 
(Cutter 1858). 
0.245 c. c. toxine No. 42+1/400 
ec. ec. antitoxic horse serum 

(Hubbert). 

0.245 c. c. toxine No. 42+1/150 
c. c. antitoxic horse serum 
(Alex. A245). 

0.245 c. c. toxine No. 42+1/200 
ec. ec. antitoxic horse serum 
(Natl. VI, 15). 

0.245 c. c. toxine No. 42+1/440 
ce. ¢. antitoxic horse serum 
(Alex. A262). 

0.245 ec. c. toxine No. 42+1/660 
c. c.antitoxic horse serum 
(Ldrl. 19C). 


No. 42+1/240 
horse serum 


8494 No. 42+1/300 


horse serum 


8857 


8886 


8890 


8872 


0.245 ec. ce. toxine 
c. ¢c. santitoxic 
(Str. 61S). 

0.245 c. ec. toxine No. 42+1/400 
c. c. antitoxic horse serum 
(Mul. 2321). 

0.245 c. c. toxine No. 42+1/200 
c. c. antitoxic horse serum 
(Mul. 2350). 

0.245 c. c. toxine 
c. ce. antitoxic 
(Natl. VI, 15). 

0.245 c. ce. toxine 
c. c. antitoxic 
(Ldrl, 19C). 


886) | No. 42+1/240 


horse serum 


8880 


888) | No. 42+1/250 


horse serum 


8873 | 


No. 42+1/800 
horse serum 


67 


67 


69 


69 


54 


67 


'10 ec. ec. same dilution (=2.5 ¢. c. 


ee GO... 2. eee cece oe cee ee} DEVELO yim pane 
ait GO:........05--.-00020-0 see] MUG Symp Onions 
ee GOs. a. tibet one See ee Blight symbole 
eters OO. < Wisk cen ole ee Slight symptaa 


16 | pe 


Second injection. 


Heated to 70° C. 1 hour. 


0.25 ¢. ¢. normal horse (roan) | Marked symptoms 
serum diluted 1:3, heated, 
concentrated, then injected 
into brain. 


Marked symptoms. 


10 c. c. same dilution (=2.5 c.¢c. | Dead in 40 minutes, 


serum) intraperitoneally. - 


Dead in 32 minutes 


Heated to 80° C.1 hour. 


Very severe symp 


serum) intraperitoneally. toms. 


Serre (meee 
Bey GO. + <0 nno knee Slight symptoms. 
oe do...............-.-.s.-.--| SOVErS SYD UGnINEE 
Ae G8 6 (om ey l/c hs iovssiyannyay: ule! 
nee ae GO... ceca cence ges ccd cne sso NO Sail DbO nae 
Sate GO. . -.2 ooo ee nec e eee canes sees] PINO Se Doma 


TTeated to 90° C.1 hour. 


10 ec. c. same dilution (=2.5 c. ¢c. 
serum) intraperitoneally. 


No symptoms. 


9218 


9215 
9210 


9343 


9344 


First injection. 


TasLe No. 10.—The effect of heat upon the toxic principle 


Inter- 


valin 
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Second injection. 


days. 


0.23 c. c. toxine No. 7+1/700 
c. ec. antitoxic horse serum 
(Ldrl. 38B). 

0.23 c. c. toxine No. 7+1/1100 
c. ec. antitoxic horse serum 
(Ldrl. 21C). 

0.23 ce. c. toxine No. 7+1/1080 
ce. ce. antitoxic horse serum 
(Ldrl. 21). 

0.23 c. c. toxine No. 7+1/700 
ec. c. antitoxic horse serum 
(Ldrl. 19B). 

0.23 c. c. toxine No. 7+1/600 
ec. ec. antitoxic horse serum 
(Ldrl. 16F). 


0.23 ec. c. toxine No. 7+1/700 
ec. ce. antitoxic horse serum 
(Ldrl. 16F). 


42 


96 


96 


Heated to 100° C.1 hour. 


10 c. c. same dilution (=2.5 ¢. ¢. 
serum) intraperitoneally. 


10 c.c. same dilution (=2.5 ¢.c¢. 
serum) subcutaneously. 


0.25 c.c. same dilution (=2.5c.c. 
serum) into brain. 


20 c. c. same dilution (=2.5 c.c. 
serum) intraperitoneally. 

Next day 6 c. c. unheated 
normal horse (Frank) serum 
intraperitoneally. 

20'c. c. dilution bheated.......... 

Next day 6 c. c. unheated 
(Frank) serum. 


Continued. 


Result. 


| No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


Severe symptoms. 


No symptoms. 
Severe symptoms. 


DOES HORSE SERUM DECREASE IN TOXICITY WITH AGE? 


Besredka® states that freshly drawn horse serum is more toxic 
than the same serum thirty days old. Our own results are not in 
harmony with this conclusion, as may be seen from the following 


TaBLE No. 11.—Effect of age upon toxicity of horse serum. 


series. 
- First injection. 
8895 | 0.245 c. c. toxine No. 42+1/180 


8871 


c. c. antitoxic horse serum 
(Cutter) subcutaneously. 

0.254 c. c. toxine No. 42+1/250 
c. c. antitoxic horse serum 
(Cutter). 

0.245 ec. c. toxine No. 42+1/500 
c. ce. antitoxic horse serum 
(Ldrl. 19C). 

0.245 ec. c. toxine No. 42+1/200 
ce. ce. antitoxic horse serum 
(Cutter). 

0.245 ec. c. toxine No. 42+1/300 
ce. ¢e. antitoxic horse serum 
(Hubbert). 


Inter- 
val in 
days. 


Second injection. 


Result. 


67 


67 


67 


67 


67 


Serum 2 days old. 


6 c. c. normal horse (roan) se- 
rum subeutaneously. 


aAnn. de l’Inst. Pasteur, vol. 21, 1907, p. 777. 


45319—08——3 


Dead in 60 minutes. 


Dead in 14 hours. 


Dead in 2 hours. 


Very severe symp- 
toms. 


Dead in 50 minutes. 


TaBLe No. 11.—Effect of age upon toxicity of horse serum—Continued. 


8856 


8860 


9221 
920) 


9257 


9370 
9447 


9375 


9460 
9462 


9465 


9158 


9633 


0.245 c. c. toxine No. 42+1/330 
ec. ce. antitoxic horse serum 
(Hubbert) 

0.245 ec. ec. toxine No. 42+1/400 
c. c. antitoxic horse serum 
(Hubbert). 

0.245 c. ec. toxine No. 424+1/330 
ec. ec. antitoxic horse serum 
(Hubbert). 


0.123 ec. ec. toxine No. 7+1/420 
ec. c. antitoxic horse serum 
(Alex. A283). 

0.123 c. ec. toxine No. 7+1/560 
ec. c. antitoxic horse serum 
(Ldrl. 19). ; 

0.123 c. c. toxine No. 7+1/540 
ec. ce. antitoxic horse serum 
(Ldrl. 30). 


0.23 c. c. toxine No. 7+1/1120 
c. c. antitoxic horse serum 
( NY 306). 

0.23 ec. ec. toxine No. 7+1/290 
ec. ce. antitoxic horse serum 
(PD 08033). 

0.23 c. c. toxine No. 7+1/1060 
c. c. antitoxic horse serum 
(NY 306). ’ 


0.23 c. c. toxine No. 7+1/500 
c. c. antitoxic horse serum 
(Ldrl. 11C). 

0.23 c. c. toxine No. 7+1/500 


c. ¢, antitoxic horse serum | 


(Ldrl. 15B). 

0.23 c. c. toxine No. 7+1/700 
c. c. antitoxic horse serum 
(Ldrl, 13). 


0.23 c. c. toxine No. 7+1/400 
e.c. antitoxic horse serum 
(Cutter 19734). 

0.23 c.c. toxine No. 7+1/620 


c. c. antitoxic horse serum | 


(Alex. A249). 


0.23 c. ce. toxine No. 7+1/600 


c. c. antitoxic horse serum 
(Alex. A249). 
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Result. 


Same serum 165 days old. 


112 | 6 c. ec. normal horse (roan) se- 
rum subcutaneously. 


Dead in 40 minutes 
a a d02234.. ct YR eeee Dead in 40 mmutes. 
DSF ee d0i- 25.30 eee Very severe symp- 


toms. 


Same serum 40 days old. 


40 | 6 c. ec. normal horse (roan) se- | Dead in 25 minutes. 
rum intraperitoneally. 


Dead in 27 minutes. 
Oy eee G0! ....2:.4 ee Very severe symp- 
toms. 


Same serum 68 days old. 


61 | 6 c. ce. normal horse (roan) se- | Dead in 45 minutes. 


rum subcutaneously. 


el ae @o.6 2 ot ie a eee Dead in 85 minutes. 


Glileeen2 OO ., 3543 16 eee eee Severe symptoms, 


Same serum 91 days old. 


72 | 6c. c. normal horse (roan) se- | Very severe symp+ 


rum subcutaneously. | toms. 
He Wee QO 56 sain oe Se ee See eee Dead in 40 minutes, 
Ve ebet OO. . s'g skh ss pee eee eee Dead in 90 minutes, 


Same serum 118 days old. | 


141 | 6 c. c. normal horse (roan) se- | Dead in 50 minutes, 


rum subcutaneously. 


CO tee esas ee eee | Dead in 40 minutes. 


Dead in 45 minutes. 
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HE EFFECT OF VARIOUS CHEMICAL SUBSTANCES UPON THE 
TOXICITY OF HORSE SERUM. 


a 
Further attempts were made to influence the toxic action of horse 
serum by treating the guinea pig with various chemicals. 

In the following series the sensitized animals were given a subcu- 
taneous injection of various substances the day before the second 
injection of serum. No favorable influence upon the anaphylactic 
state was obtained by the substances used, namely, pancreatin, 
potassium oxalate, pepsin, sodium sulphate, magnesium sulphate, 
peptone, calcium chlorate, and calcium acetate. 


TaBLE No. 12.—Effect of various chemicals. 


P Inter- 


G. P. First injection. val in Second injection. Result. 

No. days. 

8545 | 0.24 c.c. toxine 42+1/640 c. c. 32 | 1 gm. pancreatin; next day 0.5| Dead in 4 minutes. 
antitoxic horse serum (Alex. ce. c. normal horse (roan) se- 
A249). rum into brain. 

8553 | 0.24 c.c. toxine 42+1/680 c.c. 32 | 1 gm. potassium oxalate; next | Dead in 5 minutes. 
antitoxic horse serum (Alex. day serum as above. 
A249). 

8552 | 0.24 c.c. toxine 42+1/680 c. c. 32 | 0.6 gm. pepsin; next day serum | Dead in 2 minutes. 
antitoxic horse serum (Alex. as above. 
A249). 

8532 | 0.24 c.c. toxine 42+1/620 c. c. 32 | 0.1 gm. sodium sulphate; next | Dead in 3 minutes. 
antitoxic horse serum (Alex. day serum as above. 
A249). 

8534 | 0.24 c.c. toxine 42+1/600 c. c. 32 | 0.1 gm. magnesium sulphate; Dead in 2 minutes. 
antitoxic horse serum (Alex. next day serum as above. 
A249). 

8389 | 0.24 c.c. toxine 42+1/370 c.c. 32 | 0.2 gm. peptone; next day se- | Deadin 2 minutes. 
antitoxic horse serum (PD rum as above. 
08033). 

8498 | 0,24 c.c. toxine 42+1/260 e. c. 32 | 0.1 gm. calcium chlorate; next | Dead in 2 minutes, 
antitoxic horse serum (Cut- day serum as aboye, 
ter 1838), 

8535 | 0.24 c.c. toxine 42+1/600 c. e. 82 | 0.1 gm. calcium acetate; next | Dead in 3 minutes. 
antitoxic horse serum (Alex. day serum as above. 
A249), 

IODINE. 


Obermayer and Pick found that when the aromatic radicals of a 
protein are combined with various substances the protein loses the 
power to produce precipitins of closely limited specificity for the 
original species. Their results suggest that the aromatic groups of 
the molecule are most closely related to the species specificity.” 
This indicates that the striking specificity of proteins of different 
species depends upon the aromatic groups of the protein molecule, 


«Obermayer, Fr., and Pick, E. P.: Ueber die chemischen Grundlagen der Artei- 
genschaften der Eiweisskérper. Wiener klin. Woch., vol. 19, 1906, p. 327. 

> Wells, H. Gideon: The present status of our knowledge of the chemistry of the 
processes of immunity. Arch. Internal Med., vol. 1, No. 2, February 15, 1908, p. 262. 
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and Vaughan has found evidence that the toxicity of the proteins 
depends upon these same groups. } 

Fleischmann? also found that tryptic digestion destroys this char- 
acteristic species specificity. 

We made several tests to determine the effect of iodine upon the 
toxic action of horse serum, and it so turned out in the preliminary 
experiments that the symptoms appeared to be profoundly modified 
in the sense that they were either delayed or inhibited. We there- 
fore tested a large number of guinea pigs to determine this point, 
but found that so far as the toxicity of horse serum was concerned 
at the second injection it is not appreciably modified by the iodine. 

In the following series the iodine was added to horse serum in the 
proportion of 1.5 gm. per 25 c. c. of serum and 3 gm. potassium 
iodide to aid solution. 


TABLE No. 13.—Jodine added to serum. 


Gee. Te LE Inter- ss Sas 

No: First injection. in Second injection. Result. 

ays. 

9826 | 0.23 c.c. toxine No. 7+1/250c.c. 42 | 6c. ¢. normal horse (Frank) se- | Dead in 50 minutes. 

antitoxic horse serum (P. I. rum and iodine subcutane- 
But): ously. 
9837 | 0.23 c.c. toxine No. 7+1/210c.¢. UT eae doy... tc. sae eee Dead in 80 minutes. 
|  antitoxic horse serum (Swiss 
_U8A). 
9830 | 0.23 c.c. toxine No. 7+1/390 c.c¢. ADA ase G05 ci nc ose ghee eee Severe symptoms. 
antitoxic horse serum (Mul. 
2539). 
9832A) 0.23 c.c. toxine No. 7+1/480c.c. ADs oe 3 V0 ae Par ae Beisel aca ee Slight symptoms. 
| antitoxic horse serum (Mul. 
2539) . 
725 ; 0.0004 c.c. tetanus toxine AQ weeee dot. Soh eee Mild symptoms. 
A+0.0075 c. c. antitetanic se- | 
rum (Standard). 
9778 | 0.23 c.c. toxine No. 7+1/320c.c. 53 | 6¢.c.normal horse serum (Ted- | Dead in 65 minutes, r 
antitoxic horse serum (Strn. dy) and iodine subcutane- 
13651).. ously. 
9713 | 0.23 c.c. toxine No. 7+1/400¢.c. 66s a2 QO ec cmats Gat ee Slight symptoms. 
antitoxic horse serum (Scher. 
[Able 

9743 | 0.23 c.c. toxine No.7+1/170c.c. 53: |saaee GO). cs teee oe Slight symptoms. 

| antitoxic horse serum (Strn. : 
1110). 

9182 | 0.23 c.c. toxine No. 7+1/140c.c. 103. 6 G. c. normal horse (roan) se- | Dead in 30 minutes. 
| antitoxic horse serum (Mul. _ rum and iodine intraperito- 
| 2352).  neally. 

9187 | 0.23 c.c. toxine No. 7+1/320¢.c. ph ee GO lis fois d.- Fite ee Dead in 45 minutes. 
antitoxic horse serum (Mul. 

2362) . 

9189 0.23 c.c.toxine No.7+1/300c.¢. | 1 al ee GOs s oe ee ee Dead in 15 minutes 
antitoxic horse serum (Mul. | 
2433). | 

9783 | 0.23 c. c. toxine No. 7+1/300c¢.c. 53 | 6c. c. normal horse (roan) se- | Mild symptoms. 
| antitoxic horse serum (Strn. rum and iodine subcutane- 

1110). ously. i 


a Zeit. f. ‘din. Med., vol. 59, 1906, p. 515. 


— 9730 


9554 


ma.P. 
No. 


Inter- 
First injection. val in 
days. 
0.23 c.c. toxine No. 7+1/170c.c¢. 53 
antitoxie horse serum (Strn. 
1110). 
0.23 c.c. toxine No. 7+1/700c.c. 237 
antitoxic horse serum (Alex. 
A249). 
0.23 c.c. toxine No. 7+1/320c¢.c. 73 


antitoxie horse serum (Well. 
7L841). 


21 


Second injection. 


6¢.c. normal horse (roan) se- 
rum and iodine subcutane- 


TaBLE No. 14.—Jodine injected separately. 


Taste No. 13.—TJodine added to serum—Continued. 


Result. 


Mild symptoms. 


| Mild symptoms. 
| Dead in 80 minutes. 


G.P. Te Inter- ; ee 
No. First injection. me in Second injection. Result. 
ys. 
9782 | 0.25 c.c. toxine No. 7+1/300c.c. 53 | Iodine (5c.c. Gram’s solution) | Dead in 5 minutes. 
antitoxic horse serum (Strn. subcutaneously; next day 0.2 | 
1351). ce. ec. normal horse (roan) se- | 
rum into brain. 
9752 | 0.23 c.c. toxine No.7+1/180c.c. 58 | Iodine (3 c.c.Gram’s solution) | Marked symptoms. 
antitoxic horse serum (Strn. subcutaneously; 1 hour later 
1110). 6 ec. ec. normal horse (Teddy) 
serum intraperitoneally. | 
9772 | 0.23 c.c. toxine No. 7+1/280c.c. 53 | Iodine (6c. c.Gram’s solution) Marked symptoms. 
antitoxic horse serum (Stfn. subcutaneously; 1 hour later | 
1351): normal horse serum (Teddy) 
intraperitoneally. 
9657 | 0.23 e.c. toxine No. 7+1/340c¢.c¢. 64 | Iodine (5 c.c. Gram’s solution) | Dead in 3 minutes. 
antitoxie horse serum (PD subcutaneously; 1 hour later 
08022). 0.2 e. ec. normal horse (roan) 
serum into brain. 
9781 | 0.23 c.c. toxine No.7+1/310c.c. 53 | Iodine (5c.c.Gram’s solution); | Dead in 3 minutes. 
antitoxic horse serum (Strn. 1 hour later 0.1 ec. c. same 
1351). horse serum into brain. 
TABLE No. 15.—Controls for tables Nos. 13 and 14. 
G.P erent 3 Inter- ii ade 
Mo. First injection. val in Second injection. Result. 
| days. 
9836 | 0.23 c.c. toxine No.7+1/170c.c. 42 |6 ce. ec. normal horse serum | Very severe symp- 
antitoxic horse serum (Swiss). (Frank) subcutaneously. toms. 
9832 | 0.23 c. c. toxine No. 7+1/570 c.c. eee arse et ay cert i riety | Very severe symp- 
antitoxic horse serum (Mul. toms. 
2539) . 
9773 | 0.23 c.c. toxine No. 7+1/280c.c. 52 |6 e. e. normal horse serum | Severe symptoms. 
antitoxic horse serum (Strn. (Teddy) subcutaneously. 
1351). 
9770 | 0.23 e.c. toxine No. 7+1/290 c.c. Bike taam! OMe tte oe Rewer 5 oh Dead in 40 minutes. 
antitoxie horse serum (Strn. 
1351). 
9780 | 0.23 c.c..toxine No. 7+1/310 c.c. CON a Beet. Scent Boo che pars | Dead in 60 minutes. 
antitoxic horse serum (Strn. | 


1351). 
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NITRITES. 


A few further tests were made to determine the relation of methem- 
aglobin producing substances, such as the nitrites, upon the symp- 
toms. The following two guinea pigs were given a subcutaneous 
injection of sodium nitrite. In thirty minutes the exposed mucous 
membranes appeared distinctly blue, and the guinea pigs were then 
tested for susceptibility. 

Controls showed that the quantity of nitrite used was not suffi- 
cient in itself to kill the guinea pigs. 


TABLE No. 16.—Sodium nitrite. 


2 a -——: 


G.P Seen ae 9 Inter- Agen | 
<e First injection. S in Second injection. t Result. 
| ays. 
9173 | 0.23 c.c. toxine No. 7+1/3860 c.c. 106 | 0.03 gm.sodium nitrite; 30 min- , Dead in 15 minutes. 
| antitoxic horse serum (Mul. utes later 1 ec. c. normal horse | 
2439). (roan) serum intraperitone- 
ally. 
9168 | 0.23 @.c. toxine No. 7+1/520 ¢c.c. 106 | 0.025 gm. sodium nitrite; 30 Dead in 60 minutes 
antitoxie horse serum (Mem. minutes later 1 c. ec. normal | 
Inst.). horse (roan) serum subcuta- 
neously. 
ETHER. 


Besredka® reported some interesting observations concerning the 
prevention of anaphylaxis by ether narcosis. He stated that if 
sensitive guinea pigs are etherized to the stage of complete relaxa- 
tion, and while in this state injected intracerebrally with normal 
horse serum and the administration of ether continued a short while, 
(if the narcosis is well conducted) the animals continue to sleep after 
the injection, and at the end of about half an hour awake without 
presenting the least symptoms of anaphylaxis. If the guinea pig is 
tested on the following day it will be found to be immune. 

Of eight guinea pigs upon which we tried this experiment with 
ether seven died, we believe, from the effects of the second injection 
of horse serum. It is our belief that pig No. 9581, which recovered, 
had masked symptoms while under the influence of the ether and 
probably would not have died anyhow, for we have a certain numbe 
of recoveries from the intracerebral injections of 0.2 ¢c. c. of horse 
serum. It is true, however, that the narcosis masks the symptoms. 


4 Annales de |’ Institut Pasteur, Dec. 25, 1907, vol. 21, no. 12, p. 957. 
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The difference in our results may be accounted for by the difference 
in toxicity of the French and the American serums, or by differences 
in susceptibility of the animals used. 


TABLE No. 17.—Ether. 


c. P. 


No. Treatment. | Result. 


9419 | 0.23 c. c. toxine No. 7+1/440 c. ec. antitoxic horse serum (Alex. A276). 55 | Died. 
days later tested as follows: The animal was first trephined, then deeply | 
narcotized with ether, and in the stage of complete relaxation injected | 
with 0.25 ec. ec. antitoxic horse serum (Mul. 2295) into the brain. The 
etherization was continued several minutes longer. 
9376 | 0.23 c.c. toxine No.7+1/1060 c. c. antitoxic horse serum (NY 306). 62days | Died. 
later etherized and tested as above with 0.1 c. c. same serum. 
9374 | 0.23 c.c. toxine No. 7+1/1080¢. c. antitoxic horse serum (NY 306). 62days | Died. 
later etherized and tested as above with 0.25 c.c. same serum. 
9175 | 0.23 c. c. toxine No. 7+1/540 ec. c. antitoxic horse serum (Mul. 2439). 106 | Died in 5 minutes. 
days later etherized and tested with 0.2 c. c. normal horse (roan) serum | 
into brain. 
9174 | 0.23 ec. c. toxine No. 7+1/450 ¢c. c. antitoxic horse serum (Mul. 2429). 106 | Died in 5 minutes. 
days later etherized and tested with 0.2 c.c. normal horse (roan) serum 
into brain. 
9678 | 0.23 c. c. toxine No. 7+1/320 ec. ec. antitoxic horse serum (Alex. A245.) 73 | 
‘days later etherized and tested with 0.2 c.c. normal horse (Frank) serum | 
into brain. ‘ 
9581 | 0.23 c. c. toxine No. 7+1/280 c.c. antitoxie horse serum (Alex. A245). 73 | Recovered. 
days later etherized and tested with 0.2 c.c. normal horse (Frank)serum | 
into brain. 
Next day 6c. c. normal horse (Frank) serum intraperitoneally..........--. No symptoms. 
9582 | 0.23 c. c. toxine No. 7+1/280 ce. c. antitoxic horse serum (Alex. A245). 65 | Died in few minutes. 
days later etherized and tested with 0.2 c. c. antitoxic horse serum | 
(Lyons) into brain. 


Died in 10 minutes. 


ATTEMPTS TO NEUTRALIZE HORSE SERUM WITH THE BRAIN 
AND BLOOD OF SENSITIZED GUINEA PIGS. 


We made further attempts to neutralize the toxic action of horse 
serum by first treating it with sensitized guinea pig serum and also 
with the brain substance of sensitized guinea pigs. These attempts 
all proved futile. 

In the following experiments normal horse serum was mixed with 
equal parts of sensitized guinea pig serum, and kept at room tem- 
perature twenty-four hours. 

The brain of a sensitive guinea pig was removed under aseptic 
precautions, mixed-with about 20 c. c. of normal horse serum, ground 
up in a mortar, kept at room temperature for twenty-four hours, 
and then strained. 


9340 


9338 
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TaBLE No. 18.—Action of guinea pig serum and brain. 


Inter- 
First injection. val in Second injection Result. 
days. 
0.23 c. ec. toxine No. 7+1/1020 96 | 0.2c.c,mixture of normal horse | Dead in 4 minutes 


c. ec. antitoxic horse serum 
(NY 305). 

0.23 c. c. toxine No. 7+1/1000 
e. c. antitoxic horse serum 
(NY 305). 

0.23 c. c. toxine No. 7+1/1040 
ec. c. antitoxic horse serum 
(NY 305). 


0.23 c. c. toxine No. 7+1/1020 
c. @. antitoxic horse serum 
(NY 305). 


96 


96 


(roan) and sensitized guinea 
pig (9558) serum into brain. 
0.1 ¢.c. mixture of normal horse 
(roan) and sensitized guinea 
pig (9558) serum into brain. 
0.2 c.c. mixture of normal horse 
(roan) serum and brain of 
sensitized guinea pig (9558 
into brain. . 

0.1 ¢c.e. mixture of normal horse 
(roan) serum and brain of 
sensitized guinea pig (9558) 
into brain. 


Very severe symp 
toms. 


Dead in 5 minutes. 


Marked symptoms. 


: 


PART 4.—SPECIFICITY. 


4 SPECIFIC NATURE OF “ANAPHYLACTIN.” 


_ Ina previous publication” on the specific nature of anaphylaxis 
we demonstrated that guinea pigs may be in a condition of anaphy- 
laxis to three protein substances at the same time. Hypersuscepti- 


bility to each protein is manifested by a second injection of the corre- 


sponding protein. The three reactions may be obtained in the same 
guinea pig within a short space of time and are as distinct and specific 
as three separate infectious diseases. 

We now bring forward experimental data proving that the sub- 
stance in the blood serum of sensitized guinea pigs, known as anaphy- 
lactin, is also specific in the same sense. In the following table it will 
be seen that by transferring the blood serum of guinea pigs sensitized 
to horse serum, egg white, and milk three separate and distinct reac- 
tions were obtained in the guinea pig into which this serum was trans- 
ferred: 

TABLE No. 19.—The specific nature of anaphylactin. 


G.P ) ae Inter- wehete “5 
ao. First injection. ih in Second injection. Result. 
ys. 
9619 | 0.23c.c.toxine No 7+1/600c.c. Getieichoae serum (Alex. A249) subcu- 
taneously. 56 days later 1c.c.cow’s milk subcutaneously. 1 day later 
le.c.egg white subcutaneously. 22 days later bled; blood defibrinated 
centrifuged, and serum used to inject G. P.No.9619A. 
9619A | 7c.c.serum of G. P.9619 sub- 2 | 6c.c.milk intraperitoneally....| Mild symptoms. 
cutaneously. 2 days later 0.2c.c.normal horse} Dead in 5 minutes. 
(Teddy) serum into brain. 
9620 Same treatment as G. P. No. 9619. 
9620A | 8c.c.serum of G. P.9620 sub- 2 | 6c.c.milk intraperitoneally....| Slight symptoms. 
cutaneously. 2 days later 3 c.c. egg white in- | Mild symptoms. 
traperitoneally. 
2 hours later 0.2 c. c. normal | Dead in 4 minutes. 
horse (Teddy) serum into 
brain. 
- ) 
9621 | 0.23 c.c. toxine No. 7+1/580 c.c.antitoxic horse serum (Alex. A249). Sub- 
sequent treatment same as G. P. 9619. 
9621A | 6.5c.c. serum of G. P. 9621 sub- 2 | 6c.c. milk intraperitoneally....| Slight symptoms. 
cutaneously. 2 days later 6 c.c. saturated so- | Marked symptoms. 
lution egg white intraperito- 
neally. 
2 hours later 0.2 c.c. normal | Very severe symp- 
horse (Teddy) serum into toms. 


9624 | 0.23 c.c. toxine No. 7+1/560 c. c. antitoxic 
sequent treatment same as G. P. 9619. 
9624A | 7¢.c.serum of G. P.9624 sub- 2 
cutaneously. | 


brain. 


horse serum (Alex. A249). Sub- 


6¢c.c.milk intraperitoneally. . - . 
2days later 0.2¢c.c.normal horse 
(Teddy) serum into brain. 


Slight symptoms. 
Dead in 5 minutes. 


@Rosenau, M. J., and Anderson, John F.: The specific nature of anaphylaxis. Jour. Infec. Dis., 


vol. 4, No. 4, Nov., 1907, pp. 552-557. 
45319—08——4 
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EFFECT OF IODINE UPON SPECIFICITY. 


In the following series we not only tested guinea pigs treated wit 
horse serum to find out whether they react after an interval to chicke 
serum, and vice versa, but also to ascertain whether the presence ¢ 
iodine in the sensitizing dose modifies the specific nature of the reac 
tion. The results plainly show that under the conditions of th 
experiment the iodine had no modifying action upon the power ¢ 
these serums to sensitize against a second injection of homologou 
serum and also had no power to impair the specific nature of th 
phenomenon. 


Taste No. 20.—Effeet of iodine on specificity. 


eye are eae: Inter- 7 

Worl First injection. mal in Seeond injection. Result. 

ays. 

1613 1c. c. 0.01 per cent chicken serum 19 | 0.2 c. c. chicken serum into | Severe symptoms. 
+iodine subcutaneously. brain. 

1604 | 3. 2 BD. o 2 gash see hee ee etee= ine ION sce dO oo seeds se Severe symptoms. 

1615 2c. c. 0.01 per cent chicken serum 19 | 0.2c.c.normal horse (Teddy) | No symptoms. 
+iodine subcutaneously. serum into brain. | 

1616 |} <x. ci | aoe SO aS ee Sar US i DO. oo iecicc= seen No symptoms. 

1617 1c. c¢. 0.01 per cent chicken serum 1092 oo-2 GO. ..5 os4 san olen = eee No symptoms. 
+iodine subcutaneously. 

1618 2c. c. 0.01 per cent normal horse A ee @0.'205:25.1..2) eee Severe symptoms. 
(Frank) serum +iodine subcu- ; 
taneously. 

1619 1c¢.¢.0.01 per cent normal horse LORE 2 OO. < bec snce ewe ae eee Dead in 4 minutes 
(Frank) serum +iodine subcu- 
taneously. 

age OD crx Bement see ee ee eee 19 | 0.2 c. e. chicken serum into | No symptoms. 

brain. 

1621 | 2c. ¢. 0.01 per cent normal horse 19 a feet dO... = 236.2. -e0s ese eee No symptoms. 
(Frank) serum +iodine subcu- 
taneously. 

1622 | 1c. c. 0.01 per cent normal horse (I @Q. 3.2.5.0. 6s 5a eee No symptoms. 
(Frank) serum +iodine subcu- 
taneously. 


RELATION BETWEEN MILKS OF VARIOUS SPECIES. 
HUMAN VERSUS COW MILK. : 


Eight guinea pigs were sensitized by the subcutaneous injection of 
1c.c. of human milk. After an appropriate interval they were testec 
with cow’s milk without response. 

A short time later they were again tested with human milk. Thi 
time most of them showed severe symptoms. 

This series again indicates not only the specific nature of th 
anaphylactic reaction, but suggests differences between the protein 
matter in human and in cow’s milk. 
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TasLe No. 21.—Human versus cow milk. 


-P. First injection. val in Second injection. Result. 
0. days. 
1375 1c.¢. human milk subcuta- 37 | 6 c. c. cow’s milk intraperitoneally .;| No symptoms. 
| M4 neously. 2 days later 10c.c. human milk sub- | No symptoms(?). 
hn cutaneously. 
ma76 |..... SE eee eee 37 | 6c. c. cow’s milk subcutaneously...| No symptoms. 
; 4 hours later 10 c.c. human milk in- | Very severe symp- 
- traperitoneally. toms. 
i ae chi, 2. 37 | 6c. c. cow’s milk subcutaneously...| No symptoms. 
4 hours later 10c.c. human milk in- | Very severe symp- 
traperitoneally. toms. 
mare |...-. ee 37 | 6¢. ce. cow’s milk intraperitoneally..| No symptoms. 
2 days later 10 c. c. human milk in- | No symptoms(?). 
traperitoneally. 
ai |..... Oe 24 | 6c. c. cow’s milk intraperitoneally..| No symptoms. 
1 day later 5c.c. human milkintra- | Very severe symp- 
peritoneally. toms. 
maaoe |..... C0... 300 ee 24 | 6c. c. cow’s milk intraperitoneally..| No symptoms. 
j 1 day later 5c.c. human milk intra- | Very severe symp- 
peritoneally. toms. 
#403 | -,- - U0. 330k 6360s 24 | 6c. c. cow’s milk intraperitoneally..| No symptoms. 
1 day later 5c.c. human milk intra- | Very severe symp- 
peritoneally. toms. 
1404 |..-.-. OO 6 ot er 24 | 6c.c. cow’s milk intrapertioneally..| No symptoms. 
1 day later 5c.c. human milk intra- | Very severe symp- 
| peritoneally. toms. 
TaBLE No. 22.—Sheep milk versus cow’s milk. 
G.P ; Inter- 
Palo. | First injection. val in Second injection. Result. 
: days. 
1450 | 1 c. ce. sheep’s milk subcutane- 26 | 6 c. c. cow’s milk subcutane- | No symptoms. 
ously. ~ ously. 
gant |..... os 263 Vo 2c On ret ee <P necting tue ae No symptoms. 
1452 |...-. D0 -0+ 403436 SSeS 26 | 6 c. ec. cow’s milk intraperito- | Marked symptoms. 
neally. 
meas |-.-.. O10). 3 eee eee 20ulee eee OMe ates oe ae epee Severe symptoms. 
iaot |..... Co ee Ol ee pies | SE ne tare ree ger Slight symptoms. 
a ee OGAtES oe. COM ase ee Aeit Oe fon cosines Dead in 25 minutes, 
TaBLE No. 23.—Dog milk versus cow’s milk. 
ap <n Inter- 
No. First injection. val in Second injection. Result. 
, days. 
1600 | 0.5 c. ec. dog milk subcutaneously... 17 | 6 ec. ec. cow’s milk intraperito- | No symptoms. 
neally. 
Sl ee yg eS Oe let eh eat te ie, 2 No symptoms. 
1602 |.....  . Me i ee RS oO Be eg oc rey oa No symptoms. 
: 1603 | 1c. ec. dog milk subeutaneously..... 1 dal ee OSes ren ae wate. oes No symptoms. 
1604 |..... °_. SS ee 1 pT ee att MES ic CP a ea a No symptoms. 
1605 is ES ee ae eee i! 9 er NE Sin Sie OC, oh ele ee No symptoms. 
los ~ -. |) Se eee 19) eo2 YOR Sc Be ee No symptoms. 
ee 0 oe ee ee Bee OG Sort noc. Soccadavechs<) NO Symptoms. 


In the following series the dog milk was first treated with io din 
and potassium iodide before it was injected subcutaneously. 


TABLE No. 24.—Dog milk-+-iodine versus cow’s milk. 


28 


GE 
No. 


First injection. 


1608 | 0.5 ec. ce. dog milk+iodine sub- 


cutaneously. 
AGOON es 3 GO Feces Gee Zee eee 
161094282 GO: 445.0 oer 
1611 ! 1 ce. e. dog milk+iodine subcu- 
taneously. 
i DOS ero vere eee 


RELATION BETWEEN EGG ALBUMENS OF VARIOUS SPECIES, 


TABLE No. 25.—Hen egg white versus duck egg white. 


Inter- 
val in 
days. 


Second injection. 


17 | 6 c. c. cow’s milk intraperito- No symptoms. 


neally. 
Ay fa eee Qs 2522 Seen eee 
0 foal aa G0. 2. s2325.88 1 eee 
AW | ner GO. é..0= coc Soe eee eee 
iVeleane OO. 5.2 sosse cea cee ee eee 


Result. 


No symptoms. 
No symptoms. 
No symptoms. 


No symptoms. 


No First injection. val in Second injection. 
; days. 
1408 | 1 c. e. saturated solution hen 21 | 10c.c. saturated solution duck 
egg white in salt solution egg white in salt solution 
(0.85) subcutaneously. (0.85) intraperitoneally. 
TAQO See OOS uae Gone oan et meee Soe Die eee GO: a. c42.cct cose ee eee 
1410; |-2- -: GOs Ai 3? Se ee eo ene Disa. GOS: bis: 2S o8 ec ee 
M41 5) ==> GORE eet ete ee Sara dil Ee ete (0 ee ORE eee oS - 
TABLE No. 26.—Duck egg white versus hen egg white. 
G.P Inter- 
No First injection. val in Second injection. 
days. 
1413 | 1 ce. ec. saturated solution duck 21 | 10 c. ce. saturated solution hen | Dead in 30 minutes. 
egg white in salt solution egg white in salt solution 
(0.85) subeutaneously. (0.85) intraperitoneally. 
1414 eee (LO SR oe meted rel cee eae yA lil lage 48 GOs f4.02 5:2. cee ee 
MATS 28 DOCS ote. = J eee ees Kl Bae 5 Ko ee ae Sper GA EY 
PAIGE. 2s GOn ee esha tt ee tance cee 2 ee oe GOs282. ost caeee eee 
5 7 (a eee Merete pc eee ea ae ee 2A le RE GO ccistee teeta eee eee 


Result. 


Mild symptoms. | 


Mild symptoms. 
Mild symptoms. 
No symptoms. 


Result. 


Dead in 35 minutes. 
Very severe symp- 
toms. : 
Very severe symp 
toms. 
Very severe symp 
toms. 


Inter- 
First injection. val in 
- days. 
le.c. saturated solution guinea 20 

hen egg white in salt solution 

(0.85) subcutaneously. 

men |----- CMs «osc we nes cennsees 20 
9042 |..... ee errr 20 
2043 |..... eee 20 
2044 |..... ee 20 
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TaBLE No. 27.—Guinea hen egg white versus hen and crane 


Second injection. 


6c. c. saturated solution hen 
egg white in salt solution 
(0.85) intraperitoneally. 


6 c. ce. saturated solution of 
crane egg white in salt solu- 
tion (0.85) intraperitoneally. 


egg white. 


Result. 


Dead in 13 minutes. 


Very severe symp- 
toms. 

Very severe symp- 
toms. 

Marked symptoms. 


Marked symptoms. 


Nore.—The crane egg used in these experiments was from a Demoiselle crane and kindly furnished 


us by Dr. Frank Baker. 


TaBLE No. 28.—Pigeon egg white versus hen and crane egg white. 


| 


Result. 


Nosymptoms. 


No symptoms. 

No symptoms. 

Very severe symp- 
toms. 


Marked symptoms. 


Result. 


Marked symptoms. 


Very severe symp- 
toms. 

Marked symptoms. 

Very severe symp- 
toms. 


G.P a Inter- eee Was 
N * First injection. val in Second injection. 
days. 
2035 | 1e.c. saturated solution pigeon 21 | 6 ec. ce. saturated solution hen 
egg white in salt solution egg white in salt solution 
(0.85) subcutaneously. (0.85) intraperitoneally. 
> JO oo: $26 SE PA eee iO Bee nS oe oe wits oa 
1 D001. sonst Goes PIE) | lee 00 Oy: ee eae Se a eee mee ee 
mS |. ---- JU .occ 6635 eee 21 | 6 c. ce. saturated solution of 
crane egg white in solt solu- 
tion (0.85) intraperitoneally. 
mao |..... Uo 5.2: eee OXI ee Ge DOs ret Sete tere eect 
TaBLE No. 29.—Goose egg white versus hen and turkey egg white. 
G. P. Re aes Inter- | sae 
No. First injection. val in Second injection. 
days. 
2030 | 1 c.c. saturated solution goose 38 | 6 ec. c. saturated solution hen 
egg white in salt solution egg white in salt solution 
(0.85) subcutaneously. (0.85) intraperitoneally. 
mk |... .. ee Giriees tlarae ees Ber etna ~ fons ee 
mee |..... A ee Bee Bates bace 5 = Nae bees ews we 
2033 |..... ae 38 | 6 ec. ce. saturated salt solution 
turkey egg white in salt solu- 
tion (0.85) intraperitoneally. 
2084 |..... a ie Se Rat go Bee tea tare, 


Severe symptoms. 


: ee 
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TaBLE No. 30.— Turkey egg white versus hen and crane egg white. 


#>, 


G. P. 8 the Fs 8 Inter- Bis a ia sie a 
Ne. First injection. val in Second injection. Result. 
: days. ’ ¥ 
2025 | 1c.c. saturated solution turkey 35  6c.c. saturated solution of hen | Very severe sym 
egg white in salt solution egg white in salt solution| toms. . 
(0.85) subcutaneously. (0.85) intraperitoneally. - 
2026 Ak 2 osc GOs." oA eee ee SU ages se do..........-.--.-----..>..-| Dead in 70 minutia 
2027 |..... Ce 2 tee A Rey es aS Ee gy ea QO mins = bere ee ia ee Dead in 70 minutes 
2028 |..... DO c. 9-3 be oa rece Coen 35 | 6 ¢. e. saturated solution of | Severe symptoms. — 
crane egg white in salt solu- 
tion (0.85) intraperitoneally. : tf 
Sl 6504 Eo Se CT ee do.............-..----+--+,-| SOVere Sym DEGHNE 
1S as OO fo ook Caan Ws okeeeasee 35 | 6c.c. saturated solution of tur- | Dead in 20 minutes, 


key egg white in salt solution 
(0.85) intraperitoneally. 


1%! 


PART 5.—ANAPHYLACTIN. 


THE PRESENCE OF ANAPHYLACTIN DURING THE PERIOD OF 
INCUBATION. 


It is of some interest to determine just when the substance called 
anaphylactin by Gay and Southard appears in the blood of a sensi- 
tized guinea pig, particularly whether its presence may be demon- 
strated during the period of incubation. 

A series of guinea pigs was therefore sensitized by the subcutaneous 
injection of 1/100 c. c. of normal horse serum. On each succeeding 
day two guinea pigs of this series were bled and the serum obtained 
by whipping and centrifugation. This serum was then injected into 
normal pigs. In twenty-four hours these pigs were tested by the 
injection of 6 c. c. of horse serum intraperitoneally. In the latter 
part of the series forty-eight hours were allowed to elapse before the 
pigs were tested. 

It will be seen from Tables 31 and 32, which give our work on this 
factor in detail, that no indication of auenetere appeared 1 in the 
| oe of pemcitized suinea pigs until the tenth day. 


TasLE No. 31.—Anaphylactin during the period of incubation. 


G.P Inter- | 
Mo, First injection. val in Second injection. Result. 
3 days. 
1343A | 2¢.c. subcutaneously serum G. P. 1 | 0.25 ce. ec. normal horse se- | No symptoms. 
1343, which was bled 1 day after rum into brain. 


subeutaneous injection of 0.01 


| 
| 
c. ec, normal horse serum. | 


1343B |...-. BPI tek oc alec <2 sis<,s 05-5 ‘1 | 5 e. e. normal horse serum | No symptoms. 
intraperitoneally. 
1344A | 4c. c. serum G. P. 1344, which was 1 | 6c. ec. normal horse serum | No symptoms. 
bled 2 days after injection of intraperitoneally. 
0.01 ec. c. normal horse serum. 
1345A | 3c. ec. serum G. P. 1345, which was A am Naa ei eR aa Si No symptoms. 


bled 3 days after injection of 

0.01 ec. c. normal horse serum. 
ee Tal Se Ota eee ame | No symptoms. 
1346A | 2.5 c. ec. serum G. P. 1346, which | ot ae Oe aa ae. i ered | No symptoms. 

was bled 4 days after injection 

of 0.01 ec. ec. normal horse serum. 
IS46B |..... Sa... St, Se ee eee ae “FL i ets ROR ee eR No symptoms. 
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TaBLE No. 31.—Anaphylactin during the period of incubation—Continued. — 


G.P ae Inter- : 
No.4 First injection. valin Second injection. Result. 
| days. 

> Tiree Bod | 

1347A | 3c. c. serum G. P. 1347, which was 1 | 6¢. ec. normal horse serum | No symptoms. 
_ bled 5 days after injection of intraperitoneally. 
| 0.01 ec. ec. normal horse serum, 

SATB: | ..o 1 eee ER ag ti, 2, Sy he | eee oC eee sae No symptoms. 

1348A 5c. c. serum G. P. 1348, which was Ba oe GO), 5.2.0 n55 anos ee No symptoms. 


bled 6 days after injection of 
| 0.01 ec. c. normal horse serum. 
1348B (aia Qi 9959.) SSS Se ee dele es dO s223 66.5. 5502 oe No symptoms. 
1349A | 4c. c. serum G. P. 1349, which was tal cae BO Ge No symptoms. 

bled 7? days after injection of 

_ 0.01 ec. c. normal horse serum. 

1350A | 5c. c. serum G. P. 1350, which was ca ee G0. cnuccgecese ste No symptoms. 
bled 8 days after injection of 
0.01 e. c. normal horse serum. 
1351A | 6c. c, serum G. P. 1351, which was Wilts CC on a SOE SS No symptoms. 
bled 9 days after injection of 
0.01 ec. c. normal horse serum. 
13538A | 8e.c. serum G. P. 1353, which was 4 Ne ie d0e A tk ok ee ee Marked symptoms. 
bled 10 days after injection of 
0.01 ec. c. normal horse serum. 
1354A | 6.5 c. c. serum G. P. 1354, which (ea dG. oc cece eee Slight symptoms. 
was bled 11 days after injection 
of 0.01 c. ec. normal horse serum. 
1355A | 6.5 c. c. serum G. P. 1355, which gees ee ee ye Slight symptoms. 
was bled 12 days after injection 
of 0.01 c. c. normal horse serum. 
13658 | 1c. c. Same serum. 5 5.5.<. i. 528i ie ere G0... .3155 2 3. eee Marked symptoms. 
1356A | 3c. c. serum G. P. 1356, which was 1 Oe ees dO). denne. eee No symptoms. 

bled 13 days after injection of 
0.01 c. c. normal horse serum. 
1256B| ZH game serum... 22 6-5. -c---2- sane i oases G0: : ./2...ce aes ee ee Mild symptoms. 
1357A | 3c. c. serum G. P. 1357, which was I ee me dO: 2222S eee Mild symptoms. 
bled 14 days after injection of 
0.01 c. ec. normal horse serum. 
IZ57B | 229 SAME SEMUME 2.222255 S25 2 ee SO a[eanees GO... 5c coon nese eee Severe symptoms. 


The first indication of anaphylactin appeared in the above series 
on the tenth day, that is, just about the time necessary to render 
guinea pigs sensitive. It is also evident that forty-eight hours is a 
better interval than twenty-four for the purpose of demonstrating 
the presence of anaphylactin in guinea-pig serum. 

Our interest in this subject led us to sensitize another series of 
guinea pigs with 1/100 c. ec. normal horse serum subcutaneously, but 
to test for the presence of anaphylactin by injections into the brain. 


First injeetion. 
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6¢.¢c, subcutaneously serum G. P. 
1380, which was bled 45 days 
after injection of 0.01 ¢.c. normal 
horse serum, 

4c.c.intraperitoneally serum G.?P. 
1381, which was bled 6 days af- 
ter injection of 0.01 ¢. ¢. normal 
horse serum. 

ac. C. Ret crieonboally serum c. 1 
1382, which was bled 6 days af- 
ter injection of 0.01 c. ¢. normal 
horse serum. 

5e.c.intraperitoneally serum G.P. 
1383, which was bled 7 days af- 
ter injection of 0.01 c. c. normal 
horse serum, 

5¢e.c.intraperitoneally serum G.P. 
1384, which was bled 7 days af- 
ter injection of 0.01 c. c. normal 
horse serum. 

5e.c.intraperitoneally serumG. P. 
1385, which was bled 8 days af- 
ter injection of 0.01 c. ec. normal 
horse serum. 

5¢.c.intraperitoneally serum G.P. 
1386, which was bled 8 days af- 
ter injection of 0.01 ec. c. normal 

. horse serum. 

5ce.c.intraperitoneally serum G. P. 
1387, which was bled 9 days af- 
ter injection of 0.01 c. c. normal | 
horse serum. 

A 5e.c.intraperitoneally serum G.P. 

1388, which was bled 9 days af- | 
| ter injection of 0.01 ¢. c. normal , 
horse serum. 

1389A | 6c.c.intraperitoneally serum G. P. 
1389, which was bled 10 days af- | 
ter injection of 0.01 c. c. normal | 
horse serum. | 

3.5 e. ec. intraperitoneally serum 
G. P. 1390, which was bled 10 
days after injection of 0.01 c. ¢. 
normal horse serum. 

5¢e.c.intraperitoneally serum G. P. 
1391, which was bled 11 days af- | 
ter injection of 0.01 c. c. normal | 
horse serum. | 

Hemaglobin intraperitoneally of 
G.P. 1391. | 

Red corpuscles of G. P. 1391 intra- 
peritoneally. - 


Second injection, 


2] 0.2 ¢.¢. normal horse serum 


into brain. 


—45319-—08-——5 


| 


' 


Taste No. 32.—Anaphylactin during the period of incubation, 


Result. 


No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


No symptoms. 


Slight symptoms. 


Slight symptoms. 


Marked symptoms. 


Mild symptoms. 


Mild symptoms. 


No symptoms. 


No symptoms. 


= 


o4 


In the above series the anaphylactin appeared in the blood 
sensitized guinea pigs on the ninth day. 


ANAPHYLACTIN IN MAN AND OTHER ANIMALS. 


The presence of anaphylactin having been demonstrated in the 
blood serum of sensitized guinea pigs, it is interesting to know whether 
man and other animals that have received a previous injection of 
horse serum also contain a similar substance. 

So far as may be judged from the following limited experiments 
upon the subject, we have been unable to demonstrate a similar 
property in the blood serum of man, the monkey, rabbit, and the 
cat when tested upon guinea pigs. 


TABLE No. 33.—Anaphylactin in man, monkey, rabbit, and cat. 


G.P ‘ Inter- 

ao First injection. val in Second injection. Result. 

=u! days. 
{ 
Man. 
1310 1¢.c.normal human serum (CWC) 44 | 6 c. ec. normal horse (roan) | Slight symptoms. 
subcutaneously. serum intraperitoneally. 
280 5 c. c. human serum (LLL). 7 ee dO? 2h... 5 ees ee No symptoms. 


years prior this man had been 
injected with 12 ¢c. c. antitoxic 
horse serum, 

1311 | 0.4 ¢. c. human serum (JWT). 1 BAe aes G0. 22 Geese eee Slight symptoms. 

year prior this man had been 

injected with 5,000 units anti- 

toxic horse serum. 

1312 | 1.5 human serum (WWM). 23 BG) ant vs GO:2e eee eee Marked symptoms. 
years prior this man had been 1 
injected with 1,500 units anti- 
toxic horse serum. 

1313 | 0.5 ¢. c. human serum (MJR). 3 S6 eure 02-5. 2. ee esse ase eee Mild symptoms. 
months prior this man had been 
injected with 10 c. c. antitetanic 

' horse serum. : 

1314 | 1.5 ¢. c. human serum (MJR). 3 S6Ria se OOan ce) Sed see tee Slight symptoms. 
months prior this man had been 
injected with 10 c. c. antitetanic 

| horse serum. | 

1379 | 10¢.c. human serum (WWM). 23 | 1 0.2¢.c.normal horse (roan) | No symptoms. 
years prior this man had been serum into brain. 
injected with 1,500 units anti- 
toxic horse serum. 


bo 


Monkey. 
290 3.5 ¢.c. monkey (Billy) serum. 2 | 18 6c. ec, normal horse (roan) | No symptoms. 
years prior this monkey had serum intraperitoneally. 


been injected with 2 (?) c.c. nor- 

mal horse serum. 

200A 3 ¢. ¢. monkey (Billy) serum. 2 | as do, ete keer caa ee No symptoms. 
| years prior this monkey had 
been injected with 2 (?) c. ¢. nor- 


mal horse serum. 
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Taste No. 33.—Anaphylactin in man, monkey, rabbit, and cat—Continued. 


“GP. Ba eh Inter- ee | 
No. First injection. val in Second injection. | Result. 
> days. 
¥ > aq 
Cat. 
285 | 3 c. c. cat serum. 41 days prior 1%} 6c. ec. normal horse (roan) | No symptoms. 
this cat had been injected with serum intraperitoneally. 
2 ¢. ¢c. normal horse serum, 
Rabbit. z 
1377 | 8c. c. rabbit serum. This rabbit ys an epee Girish ears laste ey No symptoms. 
had been frequently injected 
with normal horse serum. 
i US USE Beene 2s| 0.2¢.c.normal horse (roan) | No symptoms 
serum into brain. 


It will be noticed that a few of these guinea pigs showed symptoms, 

but in every case an interval of at least two weeks elapsed between 
the first and the second injections. The slight reactions obtained 
were probably those which occur when serums of different species 
are used at the first and the second injections (heterologous serums, 
‘see Hyg. Lab. Bull. 29, p. 55, and Bull. 36, p. 25). 


ANAPHYLACTIN IN IMMUNE GUINEA PIGS. 


We submit some further work bearing upon the question whether 
guinea pigs “‘immunized”’ against the phenomenon of anaphylaxis 
are in a refractory state or have returned to the normal or are really 
immune. 

We first made a few experiments to determine whether guinea pigs 
immunized by repeated injections of small quantities of horse serum 
contain anaphylactin in their blood. In this series the guinea pigs 
received ten injections of 2 c.c.normal horse serum subcutaneously cov- 
ering a period-of seventeen days. Eighteen days following the last 
injection the pigs were first tested for immunity and then bled. 

It developed from the following six guinea pigs that ten repeated 
subcutaneous injections (of 2 ¢. c. each) during the course of seven- 
teen days were not sufficient to completely immunize the guinea 
pigs, for those tested developed slight symptoms. Indications of 
anaphylactin were demonstrated in the blood serum of five of the 
six pigs of this series. However, it must be noted that when bled 
these animals were certainly immune from the last treatment, as we 
and others have shown that when a sensitive guinea pig responds to a 


second injection immunity is quickly established. (See G. P. No. 
671, Table 36.) 
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TABLE No, 34.—Anaphylactin in immune guinea pigs. 


G. P. ee re Inter-_ ed 
No. First injection. top in Second injection. Result. 
ays. | 
hoe | = ae 
1370A | 6 ec. c. serum G. P. 1370, which 2 | 6c. c. normal horse serum in- | Mild symptoms. 
had received 10 subcutaneous traperitoneally. 
injections 2 c. ec. normal horse | | 
serum in a period of 17 days. | | q 
1373A | 6c. e. serum G. P. 1373, which | 2 | 0.2 e. c, noymal horse serum | Mild symptoms. — 
had same treatment as 1370, into brain. ; 
1369A | 6 c. c. serum G. P. 1369, which 2 | 6c. c, normal horse serum in- | Marked symptoms. 
had same treatment as 1370. traperitoneally. 
1371A | 6 c. ec. serum G. P. 1371, which 2| 0.2 c. c. normal horse serum Slight symptoms. 
had same treatment as 1370. into brain. ; 
1374A | 6 c. c. serum G. P. 1374, which 2 | 6c. ¢, normal horse serum in- | Marked symptoms. 
had same treatment as 1370. traperitoneally. 
1372A | 6 c. c. serum G. P. 1372, which 2 | 0.2 c. ec. normal horse serum | No symptoms. 
had same treatment as 1370. into brain. 
671 | 0.0006 c.c. toxin A+1/1538 ce. ce. 55 | 2 @, c. antitoxic horse serum | Very. severe symp- 
antitoxic horse serum (PD (Natl, IX) intraperitoneally. toms. 
09755). 
Next day 0.2 ¢,.¢. normal horse | No symptoms. 
(roan) serum into brain. 
30 minutes later bled for se- 
rum, 
671A | 5c.c. serum of G. P.671T intra- 2 | 0.2 c.c. normal horse (Frank) | No symptoms. 
peritoneally. serum into brain. F 
666 | 0.0006 c. c. toxin A+ .0002 gin. 55 | 2 c. @. antitoxic horse serum | Very severe symp- 
antitetanic serum (Tizzoni). (Natl. 1X) intraperitoneally.| toms. 
Next day bled for serum. 
666A | 6c.c. serum of G. P.666T intra- 2 | 0.2 c.c. normal horse (Frank) | No symptoms 


The following series of guinea pigs is a more conclusive test tha 
anaphylactin may be demonstrated in the blood serum of immune 


peritoneally. 


guinea pigs. 


Guinea pigs were first immunized by repeated subcutaneous injec- 
tions of 5 c. c. normal horse serum. The pigs received from 6 to 12 
such injections, amounting to 30 to 60 ¢. e. 
this treatment the pigs were tested by intracerebral injections, to 
which some responded with slight symptoms. ‘Two of them showed no 
While all the pigs were not completely immunized 
by the first treatment of subcutaneous injections, they were certainly 
rendered immune by the second treatment, given eight months later. 
Two hours after the second treatment the guinea pigs were bled, the 
blood centrifugated, the clear serum pipetted off and injected subeu- 
taneously into normal guinea pigs. 
were tested two days later by intracerebral injections, and all of them 


symptoms at all. 


showed symptoms. 


serum into brain. 


About eight months after 


These normal pigs so treated 


= 


1180A 


1181 


1181A 


1182 


1182A 


1183 


1183A 


1186 


1186A 


1187 


1187A 


1188 


1188A 


(1189 


1189A 


1190 


1190A 


1191 


1191A 
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Taste No. 35.—Anaphylactin in immune guinea pigs. 


First injection. 


6 injections, each 5 ec. ¢. normal 
horse (roan) serum subcuta- 
neously, covering period of 18 
days. 

9e.¢c. serum G. P. 1180 subcuta- 
neously. 

6 injections, each 5c. c. normal 


horse (roan) serum, in 18 days. 


8e.c. serum G. P. 1181 subcuta- 
neously. 

6 injections, each 5 c. c. normal 
horse (roan) serum, in 18 days. 


8c.e. serum G. P.1182 subcuta- 
neously. 

6 injections, each 5 c. ec. normal 
horse (roan) serum, in 18 days. 


12¢.¢c. serum G. P.1183 subcuta- 
neously. 

7 injections, each 5 c. ec. normal 
horse (roan) serum, in 21 days. 


8c.c. serum G. P. 1186 subcuta- 
neously. 

8 injections, each 5e c. normal 
horse (roan) serum, in 25 days 


9¢e.¢c.serum G. P.1187 subcuta- 
neously. 

9 injections, each 5 c. c. normal 
horse (roan) serum, in 28 days. 


8c.c. serum G. P. 1188 subeuta- 
neously. 
10 injections, each 5 c.c. normal 


horse (roan) serum, in 32 days. 


5¢e.c. serum G. P. 1189 subcuta- 
neously. 

11 injections, each 5 c. c. normal 
horse (roan) serum, in 35 days. 


9c. ¢. serum G. P. 1190 subcuta- 
neously. 
12 injections, each 5c. c. normal 


horse (roan) serum,in 39 days. 


9e.¢c.serum G. P.1191 subcuta- 
neously. 


Inter- 
val in 
days. 


249 
after 
last in- 
jection 

2 


249 


249 


249 


246 


242 


239 


235 


232 


228 


Second injection, 


0.2¢.¢c. normal horse (roan) se- 
rum into brain. 


2 hours later bled for serum. 


0.15 c.c. normal horse (Teddy) | 


serum into brain. 

0.2 ec. c. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ce. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 ec. c. normal horse (Teddy) 
serum into brain. 

0.2 ec. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ec. c. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ec. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ce. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ec. ec. normal horse (roan) 
serum into brain. 

2 hours latter bled for serum. 

0.15 c.c.normal horse (Teddy) 
serum into brain. 

0.2 c. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 

0.2 ec. ec. normal horse (roan) 
serum into brain. 

2 hours later bled for serum. 

0.15 c.c. normal horse (Teddy) 
serum into brain. 


Result. 


Slight symptoms 
Slight symptoms. 
No symptoms. 


Marked symptoms. 


Slight symptoms. 


Marked symptoms. 


Slight symptoms. 


Slight symptoms. 


Slight symptoms. 


Slight symptoms. 


No symptoms. 


Slight symptoms. 


Slight symptoms. 


Slight symptoms. 


| Slight symptoms. 


Marked symptoms. 


Mild symptoms. 


Slight symptoms. 


Slight symptoms. 


Marked symptoms. 


_ Itis therefore plain that anaphylactin does exist in the blood serum 
of immune guinea pigs. 


= 
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We add the following examples showing that the presence of 
anaphylactin may not always be demonstrated. In these experiments 
the blood serum was collected in one of two ways. From guinea pigs 
Nos. 1000 to 1007, inclusive, the blood was drawn from the heart, 
allowed to clot at room temperature, and the serum pipetted off next 
morning. In guinea pigs Nos. 1138 to 1147, inclusive, the blood was 
drawn from the large vessels of the neck, defibrinated by whipping, 
centrifugated, and the clear supernatant serum used to inject into the 
normal guinea pig. 7 

Perhaps the long interval may account for the negative results. 


TABLE No. 36.—Anaphylactin. 


G.P Inter- 
Na: First injection. val in Second injection, Result. 
: days. 
1000 | 4 c. e. normal guinea pig serum 26 | 6e.¢. normal horse (roan) se- | No symptoms. 
subcutaneously. rum intraperitoneally. 
1001 | 1.5 e. e. serum G. P. 8038, which 2Dis tern ars (s (0 ens Eee ee No symptoms. 
had been subcutaneously inocu- 
lated 49 days prior with 0.24¢. c. 


toxine No.9+1/540¢. c. antitoxic 
horse serum (NY 18C). 
1002 | 2 c.c. serum G. P. 8048, which had 264) are 6 (0 ers Siciqicc on > No symptoms. 
been subcutaneously inoculated 
49 days prior with 0.24 c. c. tox- 
ine No. 9+1/360 c. c. antitoxic 
horse serum (Welc.). 
1008. | 3.5.c..C. SAME SETUM 525 cc% 20> 42/08 ie leva tae OO. © «02/0 tabesee es eee No symptoms. 
1004 | 4¢.¢. serum G. P. 8051, which had 2GON ea te D022 oe ads oo a ee No symptoms. 
been subcutaneously inoculated 
49 days prior with 0.24 c. c. tox- 
ine No.9 + 1/400 antitoxic horse 
serum (Welc.). : 
1005 | 4e.¢. serum G. P. 8045, which had Phi) | mgs G0.) 2:....0 82 eee No symptoms. 
been subcutaneously inoculated 
49 days prior with 0.24 ¢. c. tox- 
ine No. 9 + 1/560 c. c. antitoxic 
horse serum (Welc.). 
1006:|4:c, c. same lseruim.—..--s255. ts. 20 clerics do. 2.2: Ake eee No symptoms. 
1007 | 6c.¢. serum G. P. 8050, which had Hoel eee GO... 255. ee eee No symptoms. 
been subcutaneously inoculated | 
49 days prior with 0.24 ¢. c. tox- 
ine No. 9 + 1/320 c¢. ec. antitoxic 
horse serum (Welc.). 
1138 1.5 ¢c. ce. serum G. P. 8128, which 16 | 0.25 e.c. normal horse (roan) |No symptoms. 
had received 27 subcutaneous serum into brain. 
injections normal horse serum 


in a period of 65 days and bled 
21 days after last injection. 


1139 | 3.5 c. c, same serum.............- 16 | 5e.¢.normal horse serum in- | No symptoms. 
| traperitoneally. 
1140 | 1.5 ¢. ¢. serum G. P. 8127, which 19 | 0.25 ec. c. normal horse serum | Mild symptoms. 
had received 27 subcutaneous into brain, 


injections normal horse serum 
in a period of 65 days and bled 
21 days after last injection. 


1143 


1144 


1145 


1146 


1147 


Inter- 


First injection. val in 
days. 
MmanG@, GOm0O:SOIUM...-..0...-.2200- 19 
1.5 c. c. serum G. P. 8003, which 19 
had been subcutaneously in- 
jected with 0.24 ec. c- toxine No. 
9 + 1/420 c.c. antitoxic horse se- 
rum (NY 1013) and bled 99 days 
afterwards. 
20 ma, Sine SOLUM...........2..- 19 
1.5 c. c. serum G. P. 8126, which 19 
had received 27 subcutaneous 
injections normal horse serum 
in a period of 65 days and bled 
21 days after last injection. 
BeewGasaimoe SCTUM....-.........-- 19 
4ce.c. serum G. P. 7846, which had 19 
been subcutaneously injected 
with 0.24 c. c. toxine No. 9 + 
1/310 ce. c. antitoxic horse serum 
(Alex. spl.192) and bled 139 days 
afterwards. 
imaiee Ce Samo SCrumM....-.-....... 19 
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TaBLE No. 36.—Anaphylactin—Continued. 


Second injection. 


5 ¢.c. normal horse serum in- 
traperitoneally. 

0.25 ce. ec. normal horse serum 
into brain, 


Ge. c. normal horse serum in- 
traperitoneally. 

0.25 c. ec. normal horse serum 
into brain. 


5 e. ec. normal horse serum in- 
traperitoneally. 

0.25 c. ec. normal horse serum 
into brain. 


Result. 


| Slight symptoms. 


Mild symptoms. 


Slight symptoms, 


Mild symptoms, 


No symptoms. 


Very severe symp- 


toms. 


Severe symptoms, 


TaBLE No. 37.—Anaphylactin— Miscellaneous. 


Second injection. 


Result. 


Half an hour later above 8 pigs bled; blood mixed, defibrinated, and 12¢.c. | 


2 ce. ec. antitoxic horse serum 
(Natl. 1X) intraperitoneally. 


Next day 0.2 c. ec. normal horse 
(roan) serum into brain. 

2c. c. antitoxie horse serum 
(Natl. IX) intraperitoneally. 

Next day 0.2 c.c. normal horse 
(roan) serum into brain. 

2 ¢c. ec. antitoxic horse serum 
(Natl. IX) intraperitoneally. 


Next day 0.2¢.c. normal horse 
(roan) serum into brain. 


2 | 0.2e.e.normal horse (Frank) se- 


rum into brain. 


Inter- 
+ od First injection. val in 
¥ days. 
696T | 0.0006 c. ec. tetanus toxine A + Dai 
0.0025 ec. ec. antitoxic horse se- 
rum (PI). 
695T | 0.0006 c. ec. tetanus toxine A + 27 
0.002 ec. ec. antitoxie horse serum 
(PI). 
711T | 0.0006 ec. ce. tetanus toxine A + oF 
0.0075 ec. e. antitoxie horse se- 
rum (Standard T2). 
y of serum obtained. 
1392 | 12 ec. ec. blood serum of above 3 
guinea pigs intraperitoneally. 
% 


Symptoms (?). 


No symptoms. 
Symptoms (?). 
No symptoms. 


Symptoms (?). 


Nosymptoms. 


No symptoms. 


PART 6.—MECHANISM. 
LESIONS. 


Gay and Southard,* 1907, found in guinea pigs dying from a second 
injection of serum, and in those which had severe symptoms and were 
later chloroformed, lesions which are interpreted as explaining the 
mechanism of anaphylaxis. They state that ‘‘the study of the histo- 
pathology of this serum disease shows us that we have to deal with an 
intricate cell reaction demonstrable by definite cell lesions.’”’ Con- 
siderable hemorrhages, rather definitely localized, are the character- 
istic gross lesions. The hemorrhages may be in one or several organs, 
gastric hemorrhages being especially frequent. Microscopically there 
are, in addition to the naked-eye hemorrhages, minute interstitial 
and oozing hemorrhages. They also found fttay changes in volun- 
tary muscle fiber, heart muscle fiber, and in nerve fiber. 

That the conjestion and dilatation of the blood vessels-found in 
the abdominal cavity and the hemorrhages upon the mucosa of the 
stomach are not characteristic of death due to anaphylaxis is evident 
from the fact that we have found that in violent death produced by 
large subcutaneous injections of chloral cyanhydrin or hydrocyanic 
acid there are somewhat similar congestions and hemorrhages.’ Fur- 
ther, we have lately had the opportunity to examine a guinea pig 
whose death was caused by suffocation in an atmosphere of carbon 
dioxid. In the stomach and lungs of this guinea pig lesions were 
found that, so far as the congestion and hemorrhages are concerned, . 
were somewhat similar to those described in guinea pigs dying from a 
second injection of horse serum. 

We were especially struck by the fact that the macroscopic con- 
gestions and hemorrhages may be absent in guinea pigs poisoned by 
intracerebral injections. 

Further, this congestion and dilatation of the vessels of the abdomi- 
nal cavity is well known to occur in shock and other states. 

We were also unable to confirm Gay and Southard’s findings in 
regard to the fatty changes. 


“ Journ. Med. Research, May, 1907, p. 143. 

> Rosenau; M. J., and Anderson, John F.: A stomach lesion in guinea pigs caused 
by diphtheria toxine and its bearing on experimental gastric ulcer. Journ. Infec. 
Dis., vol. 4, No. 1, Jan., 1907, p. 1-7. 
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We studied a large number of pigs in which death occurred withi 
thirty minutes of the second injection of serum; also, a moderat 
number which were killed by chloroform or otherwise from one t 
four hours after the second injection. 

We are indebted to our colleague Dr. W. W. Miller, United States 
Public Health and Marine-Hospital Service, for the following studie 
upon the post-mortem appearances and pathology of the tissues of 
guinea pigs dead of anaphylaxis. 

The most noticeable lesion to the naked eye is the marked dilata- 
tion of the small veins and capillaries of the body; but most noticeable 
in those of the abdominal viscera. Associated with this in about 25 
per cent of the cases are hemorrhages in the mucosa of the stomach 
and, more rarely, of the intestines. Minute hemorrhages 1 mm. in 
size are occasionally observed on the surface of the lungs; no hemor- 
rhages of the heart muscle, spleen, pericardium, or striped muscle, ¢ 
described by Gay and Southard, have been seen. 

For microscopic study the tissues from 16 guinea pigs were utilized. 
These pigs had received the second dose of serum in three ways, viz, 
by subcutaneous, intraperitoneal, and intracranial injection. Mate- 
rial was selected from all the viscera and from the striped muscles _ 
and nervous systems. Particular attention was given to the study of 
tissues for the fatty changes described by Gay and Southard. For 
this purpose sections made with the freezing microtome were used to @ 
great extent, as it is generally recognized that fresh material is supe- 
rior to that prepared and sectioned in the customary way in celloidin 
and paraffin, although it must be admitted, as Gay and Southard 
contend, that such preparations are not as permanent or suitable 
for micro-photographic purposes. For a general study of Microscopie 
changes tissues were fixed in 10 per cent formalin, in formalin and 
pieohel (5 and 85 per cent), and Zenker. 

For fatty degeneration, fresh tissue and tissue fixed for twenki 
four hours in 5 to 10 per cent watery solution of formalin was uset 
and sectioned with the freezing microtome; for nerve tissue, formalit 
5 to 10 per cent, Orth’s fluid, and Miiller’s fluid. 

As a stain for general purposes, hematoxylin and eosin were used. 

For staining fat, Marchi’s method was carried out as follows: Fixa- 
tion in 10 per cent formalin and Miiller’s fluid six to ten days, in 
Marchi’s mixture six to ten days; kept throughout in the dark; then 
washed twenty-three hours in running water; hardened in alcohol and 
ether celloidin as quickly as possible. Clove oil celloidin was not used, 
as it causes general blackening. 

For frozen sections of tissue Beoat in 10 per cent formalin for twenty- 
four hours, the admirable method so highly recommended by Schmérl 
was used, viz, sections placed in Marchi fluid in closed vessels in the 
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paraffin oven for one-half to one hour, washed quickly in water, and 
mounted in glycerin or dehydrated over night in alcohol and mounted 
in balsam. 

As controls in this work, tissue was used from normal pigs, from a 
pig dead of puerperal sepsis with marked fatty changes in liver and 
kidney, and from pigs killed with diphtheria toxine. Sati’s method 
of osmization was also used with some of the specimens. 

Fresh and formalinized tissue was stained by the admirable method 
of Torrain Smith (nile blue sulphate); also, Sudan IIT. 

Results.—In sections stained for general study the sole difference 
from normal tissue consists in the marked dilatation of the veins and 
capillaries, especially of the stomach and intestines, accompanied by 
extravasation of blood at points where the vessels are ruptured. The 
thin-walled veins of the mucosa of the stomach are often greatly dis- 
tended. In the few instances where a ruptured point in the vessel was 
seen in section the extravasation of blood was from the portion of the 
vein nearest the inner surface of the mucosa. The veins of the sub- 
mucosa participated in the dilatation, but were not so markedly 
enlarged’as the veins and capillaries of the mucosa. No evidence of 
general giving way of the capillaries with extravasation of blood into 
the tissues was noted. 

The small veins and capillaries of the intestines, kidney, heart, and 
muscles were found distended, but not nearly to the extent found 
in the stomach wall. No hemorrhages were observed in the heart 
walls or in the liver and striped muscles. 

As regards fatty changes in the lining endothelium of the blood 
vessels, in the gastric mucosa or striped muscles, none was observed, 
although carefully sought for. The focal fatty changes described by 
Gay and Southard were not found. Neither were the ‘‘nodal’’ 
changes in peripheral nerves made out. 

We find, then, that congestion and sometimes hemorrhage take place 
in guinea pigs dead of anaphylaxis, but these lesions are not specific. 
We were unable to demonstrate the fatty lesions and know, 
further, that they occur in other states. We are therefore unable to 
confirm the observations of Gay and Southard along these. lines, and 
believe that these changes do not explain the mechanism of anaphy- 
laxis. 


7! 


PART 7.—RELATION OF TOXIC ACTION UPON GUINEA PIGS TO SERUM 
THERAPY. 


THE RELATION OF SERUM ANAPHYLAXIS IN THE GUINEA PIG 
TO SERUM THERAPY. 


Besredka and Steinhart® were the first to point out that the second 
injection may be given into the brain of guinea pigs. When a small 
quantity of horse serum is injected into the brain of a sensitized 
guinea pig the symptoms appear promptly and often with great vio- 
lence, and death is a common result. 

Besredka? believes that intracerebral injections may be used as a 
measure for the toxicity of therapeutic serums. He states that, 
measured in this way, different serums show a wide gamut of toxicity, 
the fatal dose varying from } to ;4, ¢.c. He believes that this tox- 
icity resides in the serum and not in the cellular elements; further, 
that the serums of horses living under apparently the same conditions 
have about the same toxicity, individual variations being rare and of 
little importance. He concludes that, in a general way, all serums 
that incite in guinea pigs grave anaphylactic phenomena in doses of 
ii; to 35 c.c. and,a prior, above this amount should be considered toxic. 

We doubt whether there is a relation between the toxicity of serums 
as tested upon guinea pigs in this way and their power to produce the 
serum disease or collapse or sudden death in man. The unfortunate 
accidents, such as collapse and occasional death, depend more upon the 
sensitization of the individual than upon the so-called toxicity of the 
serum used. 

Fortunately we were able to obtain two antidiphtheric serums 
which had been used in two cases of sudden death. 

Case No. 1.—Serum No. 2277. Reported by Dr. S. N. Wiley, Nor- 
ristown, Pa., Journ. Am. Med. Assn., vol. 50, Jan. 11, 1908,p.137. Mr. 
EK. W., aged 34 years, splendid physique, best of health. Prophylactic 


@ Besredka and Steinhart, Ann. de I’Inst. Pasteur, 1907, vol. 21, p. 117. 
bAnn. de l’Inst. Pasteur, 1907, vol. 21, p. 777. 
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injection of 1,000 units antidiphtheric serum. Site of inoculation 
inches above Poupart’s ligament. Within two minutes had violen 
symptoms—anxious expression, itching, burning, labored breathing 
lips, face, and neck swollen and red; paralysis; convulsions. Diec 
within five minutes of injection. | 

The toxicity of this serum, i. e., another package of the same lab 
oratory number, was tested upon the following series of guinea pigs: 


TaBLE No. 38.— Toxicity of serum No. 2277. 


— 


 P. eae Pty Inter- ae ae 
ap: First injection. he in Second injection. Result. 
ays. 

9147 | 0.23.e.c. toxine No.7+1/420c.c. 97 | 0.1 ec. c. antitoxic horse serum | Dead in 7 minutes, 
antitoxic horse serum (PD. (2277) into brain. 
09913). 

9131 | 0.23¢e.c.toxine No. 7+1/250c.c. OTA sae GO25. kkcve cate See Dead in 8 minutes. | 
antitoxic horse serum (Natl. ; 
V. 24). 

9136 | 0.23 ¢.c.toxine No.7+1/300¢.¢. G7 0.05 ce. c. antitoxic horse serum | Dead in 35 minutes, 
antitoxie horse serum (Natl. (2277) into brain. 
V. 24.) 

9151 | 0.23c¢.c.toxine No.7+1/380¢.c¢. Ciel cas dO. S- a er e e Very severe symp- 
antitoxic horse serum (PD. toms. 
09491). 

9161 0.23c.c.toxine No.7+1/320c¢.c. 67 | 2 ¢. e. antitoxic horse serum | Dead in 3 hours. 
antitoxic horse serum (Mem. (2277) intraperitoneally. 
C20). 

9170 | 0.23 c.c. toxine No.7+1/330c¢.c. 67 | 2 ec. ce. antitoxic horse serum | Very severe symp- 

| antitoxiec horse serum (Mul. (2277) subcutaneously. toms. 
| 2438). 


Case No. 2.—Serum No.. 2295. Reported by Dr. H. F. Gillette, 
Cuba, N. Y., Journ. Am. Med. Assn., vol. 50, Jan. 4, 1908, p. 40. Mr. 
B., 52 years old. Had asthma and bronchial catarrh. Urine and 
heart normal. Rheumatic attack fifteen years prior. Coughed and 
raised plenty of sputum. Injection of 2,000 units antitoxic serum 
under left scapula. Prickling sensation in chest and neck; labored 
breathing; pulse regular and full. Seized with tonic spasm. Died 
within five minutes after injection. 


‘ 
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The serum, i. e., another package of the same laboratory number, 


used in this case was tested for toxicity upon the following series of 


‘guinea pigs: 


TABLE No. 39.—Tovicity of serum No. 2295. 


Inter- 


. First injection. val in Second injection. Result. 
‘ days. 

9135 | 0.23 c.c. toxine No. 7+1/370c¢.c. 97 | 0.1 ec. c. antitoxic horse serum | Dead in 20 minutes. 
antitoxic horse serum (Natl. (2295) into brain. 
V.24). 

9133 | 0.23 c.c. toxine No. 7+1/370 c. ¢. 97 | 0.05 c. c. antitoxic horse serum | Dead in 22 minutes. 
antitoxie horse serum (Natl. (2295) into brain. 
V.24). | Dead in 11 minutes. 

9132 | 0.23 e.c. toxine No. 7+1/310 c.c. Oy eee 75 (0) Ae Ce, SO OE ee oe ee ae 
antitoxic horse serum (Natl. 
V. 24). 

9373 | 0.23 c. ec. toxine No. 7+ 1/1080 e. ec. OT ee Ol ars ctaeet ure ne Said ee eee ot ae Severe symptoms. 

m! antitoxic horse serum (NY. 

306). 

9171 | 0.23 e.c.toxine No.7+1/410c.c. 67 | 1 e. e. antitoxie horse serum | Dead in 90 minutes. 
antitoxic horse serum (Mul. (2295) subcutaneously. 
2438). 

9164 | 0.23 c.c. toxine No. 7+1/400 c. e. 67 | 1 c. e. antitoxic horse serum | Very severe symp- 
antitoxic horse serum (Mem. (2295) intraperitoneally. toms. 
C23). 


It has interested us very much to find that these two cases, and also 
others that have come to our notice, were in asthmatics. In our first 


publication we suggested that the essential lesion of serum anaphy- 


laxisis probably localized in the respiratory center, and the association 
of asthma and hypersusceptibility to horse serum in man would seem 
to lend weight to this hypothesis. The knowledge of the fact that the 
injection of horse serum into some asthmatics may be attended with 
danger should be considered in the use of antitoxin. 

In order to determine the comparative toxicity of the above two 
serums (Nos. 2277 and 2295); we submit the following experiments 
showing the toxicity of serums which have been largely used in human 
therapy without untoward effects. 

The following serums (Nos. 2364, 2369, and 2442) were kindly sent 
us by Dr. A. P. Hitchens, who states “he has.had no report whatever 
concerning any untoward effect resulting from the use of either of 
these numbers:”’ 

No. 2364 is antitoxic serum. 

No. 2369 is antitoxic globulin. 

No. 2442 is antitoxic serum. 


Taste No. 40.—Comparative toxicity of other serums (Nos. 2442, 2369, and 2364 


ee = | |. 


0.23 ¢c.c.toxine No. 7+1/260c.c. 
antitoxiec horse serum (Alex. 


9943 


9937 


9941 


9939 


9945 


9946 
9934 


9942 


First injection. 


192). 


0.23 c.c. toxine No. 7+1/290c.c. 
antitoxic horse serum (Alex. 


192.) 


0.23 e.c. toxine No. 7+1/320c.c. 
antitoxic horse serum (Alex. 


192). 


0.23 e.c. toxine No. 7+1/300c.c. 
antitoxiec horse serum (Alex. 


192). 


0.23 c.c. toxine No. 7+1/310c.c. 
antitoxie horse serum (Alex. 


192). 


0.23 ec. c. toxine No. 7+1/270c.c. 
antitoxic horse serum (Alex. 


192). 


0.23 c.c. toxine No. 7+1/180c.c¢. 
antitoxic horse serum (Alex. 


192). 


0.23¢e.e.toxine No. 7+1/270c.c. 
antitoxic horse serum (Alex. 


192). 


0.23 c.c. toxine No. 7+1/300c.c. 
antitoxic horse serum (Alex. 


192). 
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Second injection. 


0.05 e. ec. antitoxie horse serum 
(Mul. 2442) into brain. 


0.1 ec. ec. antitoxic horse serum 
(Mul, 2442) into brain. 


0.05 ¢c. c. antitoxie horse serum 
(Mul. 2369) into brain. 


0.1 c.c. antitoxiec horse serum 
(Mul. 2442) into brain. 


0.05. c. ec. antitoxiec horse serum 
(Mul. 2364) into brain. 


0.1 c.c. antitoxie horse serum 
(Mul. 2364) into brain. 


Result. 


Dead in 4 min tes, 


Dead in 5 minutes, 
Dead in 3 minutes, 


Dead in 8 minutes. 
Dead in 5 minutes, 
Dead in 3 minutes, 
Marked symptoms 


Dead in 12 minutes 
Dead in 3 minutes, © 


Marked symptoms 


The following diphtheria antitoxic horse serum (123A) was kindly 
sent us by Dr. William H. Park, who reports that it is of moder e 


strength and has given very ig results in the hospital. 


TaBLE No. 41.—Comparative toxicity of serum No. 123A. 


Inter- 


Second injection. 


0.05 ec. ec. antitoxie horse serum 


(Park 123A) into brain. 


232 | 0.1 ec. ec. antitoxic horse serum 


ae First injection. val in 
days. 
9245 | 0.23 c.c.toxine No.7+1/480 e.c. 131 
antitoxic horse serum (Ldrl. 
11) subcutaneously. 
9251 | 0.23 c. ec. toxine No. 7+1/1000 131 
ce. ce. antitoxic horse serum 
(Ldrl. 212) subcutaneously. 
9242 | 0.23 c. ec. toxine No. 7+1/360 131 
c. c.antitoxic horse serum 
(Mul. 2377) subcutaneously. 
8759 | 0.245 c. c. toxine No. 42+1/320 
ce. ce. antitoxic horse serum 
(Strn. 1429) subcutaneously. 
9253 | 0.23 c.c.toxine No.7+1/1500c.c. 131 
antitoxic horse serum (Ldrl. 
21B) subcutaneously. 
9239 | 0.23 c.c. toxine No. 7+1/800c.c. 131 


antitoxic horse serum (Ldrl. 
57) subcutaneously. 


(Park 123A) into brain. 


0.2 ¢.c. antitoxic horse serum 


(Park 123A) into brain. 


Result. 


Very severe symp- 
toms. 
Very severe symp- 
toms. 


Very severe symp- 
toms. 


Very severe symp- 
toms. 


Dead in 10 minutes. 


a 


Dead in 5 minutes. 


9648 
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The following two serums were kindly furnished by Dr. E. M. 
Houghton, and were extensively used in human therapy, but no 
~ complaints were received concerning them: 


TABLE No. 42.—Comparative toxicity of serum No. 08725C. 


First injection. 


0.23 c.c. toxine No. 7+1/600c.c. 
antitoxic horse serum (Alex, 
A249) subcutaneously. 

0.23 c.c. toxine No. 7+1/680 c. c. 
antitoxic horse serum (Alex. 
A249) subcutaneously. 

0.23 c.e. toxine No. 7+1/660 c. c. 
antitoxic horse serum (Alex. 
A249) subcutaneously. 

0.23 ¢.c. toxine No. 7+1/640c.c. 
antitoxie horse serum (Alex. 
A249) subcutaneously. 

0.23 ec. ce. toxine No. 7+1/660 ¢.c. 
antitoxic horse serum (Alex. 
A249) subcutaneously. 

0.23 c.c. toxine No. 7+1/640c¢ c. 
antitoxic horse serum (Alex. 
A249) subcutaneously. 


Inter- 
val in Second injection. Result. 
days. 


87 | 0.05c.c.antitoxic horseserum | Very severe symp- 
(PD 08725C) into the brain. toms. 


Sis. “nN Ca ge ge rN ee Very severe symp- 
toms. 
Yin ae Doe oc ee Oe ee ee See eS ee Dead in 4 minutes. 


87 | 0.05¢.c.antitoxic horseserum Dead in 8 minutes. 
(PD 09043C) into the brain. 


SH eae G0 eee ae ee Sa Dead in 4 minutes. 


Sfaileces GO Me ee cere k Sst eee Dead in 15 minutes 


As a control, the following serums—some of them French anti- 
diphtheric and some normal horse serums—are given for compari- 


son: 
TaBLE No. 43.—Comparative toxicity of French and other serums. 
G Pp E Pe Inter- E 
No First injection. val in Second injection. Result. 
F days. 
y 
532 | 0.0006 c.c. tetanus toxine A+0.23 65 | 0.25 ec. ec. normal horse (roan) | Dead in 5 minutes. 


8497 


8359 


9550 


9572 


e. ce. antitoxic horse serum 
(Ehrlich standard). 

0.24 c.c. toxine No. 42+1/200c.c. 
antitoxic horse serum (Cutter 
1828). 

0.24c.c.toxine No. 9+1/1260c.c. 
antitoxic horse serum (N. Y. 

305). 

0.23 c.c. toxine No. 7+1/240c.c. 
antitoxic horse serum (PD 
07635) . 

0.23 c.c. toxine No. 7+1/280c. c. 
antitoxic horse serum (Welc. 
21839). 

0.23 c.c. toxine No. 7+1/260 c. c¢. 
antitoxic horse serum (Alex. 
A245). 

0.23 c.c. toxine No. 7+1/s00 c. c. 
antitoxic horse serum (Alex. 
A245). 


serum into brain. 


Sees GOm ey ee eee eee Very severe symp- 
toms. 
Sori scie CO ee ee ya re oe Dead in 5 minutes. 


62 | 0.2 c. ec. antistreptococcic se- | Dead in 3 minutes. 
rum (Past. Inst.) into 


brain. 
G2aieeees GOs ase eae coe wok Sor Marked symptoms. 
G20 ete COS eee eer see 9 Dead in 4 minutes. 


65 | 0.2c¢.c. antitoxic horse serum | Dead in 3 minutes. 
(Lyons) into brain. 
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TABLE No. 43.—Comparative toxicity of French and other serwms—Continued. 


Inter- 


G. P. First injection. valin Second injection. Result. 

No. : days. 

9552 | 0.23 c.c. toxine No. 7+1/500 ec. ¢c. (5 | 0.2¢.¢c. antitoxic horse serum | Dead in 3 minutes. 
antitoxie horse serum (Ldrl. (Lyons) into brain. 
58A). 

9590 | 0.23 c.c. toxine No. 7+1/320c. ce. 6b) (noes O06. Jaden hose ee Dead in 4 minutes. 
antitoxic horse serum (Alex. 
A245). 


It therefore seems plain that the serums which do not produce — 
untoward symptoms when injected into man, are quite as toxic upon 
sensitized guinea pigs, as the serums which have been followed by 
serious symptoms when injected into man. We believe the difference 
lies in the susceptibility of the individual and not in the toxicity of 
the serum. 


PART 8.—THE EFFECT OF REPEATED INJECTIONS. 
THE IMMUNIZING ACTION OF REPEATED INJECTIONS. 


We found it desirable to obtain further data upon the effects of 
repeated injections of horse serum into guinea pigs in order to answer 
the question whether guinea pigs may be definitely immunized by 
repeated injections. 

It will be seen by the following table that 10 injections of 2 c. ¢. of 
serum subcutaneously was not sufficient to render guinea pigs entirely 
immune. These four guinea pigs all showed mild symptoms when 
tested intraperitoneally fifteen or seventeen days after the last injec- 
tion. 

Reference to Tables No. 34, 35, 36, pages 36, 37, 38, shows the same 
results. 


TaBLE No. 44.—The immunizing action of repeated injections. 


G.P / Inter- 
a First injection. val in Second injection. Result. 
No. days. 


1371 | 10 injections, each 2 c.c., normal 
horse (roan) serum, subcutane- 
ously, covering a period of 17 days. 


He69 |.->..- Oi. eto ok ae eee eee 
i Of n.2 551202 eee eae 
2 BD. ects ee 


15 | 6 e. c. normal horse (roan) se- 
rum intraperitoneally. 


Li eee MAO saa ee SS ee. ee. 2 
iF ly |e ee dO oe ae 
al GORE ace ce ae LE 


Mild symptoms. 


| Mild symptoms. 


Mild symptoms. 
Mild symptoms. 


_ 


THE SENSITIZING ACTION OF REPEATED INJECTIONS OF 
SMALL AMOUNTS. 


The following table shows that the repeated injections of small 
amounts are apparently as potent in sensitizing guinea pigs as one 
small injection. 


TaBuE No. 45.—Sensitizing action of repeated injections of small amounts. 


er . Eres Inter- sis ise 
No. First injection. te in Second injection. Result. 
ays. 
1364 | 5injections, each 0.001 c.c., nor- a23 | 6 c. c. normal horse (roan) se- | Dead in 40 minutes. 
mal horse (roan) serum, sub- rum intraperitoneally. 
cutaneously, covering a pe- 
riod of 8 days. 
i OG hee Ba ee 23 | 6 ce. c. normal horse (roan) se- | Dead in 70 minutes. 
| Tum subcutaneously. 
mSO0 |: .... FADS cache ee ae a eg Zoe an OP ae ck codes ee ee See ee | Dead in 75 minutes. 
Babe |... . SOMMER Nees. ae Suda a ick ea os 23 | 0.05 c.c.normal horse (roan) se- | Severe symptoms. 
| rum into brain. 
M308 |... .. RiCpeaeer. 4 ose. (582s 23 | 0.2 c.c. normal horse (roan) se- | Dead in 5 minutes. 
rum into brain. | 
iOS |-.... OSs sgt Oe Se EER ee ee 23 | 0.05 c.c. normal horse (roan) se- | Severe symptoms. 


| rum into brain. 


a From last injection. 
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THE EFFECT OF REPEATED SMALL INJECTIONS UPON SENSI-. 
TIVE GUINEA PIGS. ; 


We were interested in determining whether repeated small injections 
would immunize sensitive guinea pigs without the production of ana- 
phylactic symptoms. For this purpose we injected a series of guinea’ 
pigs subcutaneously with normal serum in amounts too small to pro- 
duce apparent symptoms and repeated the injections daily for twenty 
days. One series received 0.001 c. ¢. subcutaneously (total 0.02 c. ¢.) 
the other series 0.01 c. c. subcutaneously (total 0.2 c. ¢.). It will be 
seen from the following table that these repeated injections had little, 
if any, effect upon the susceptibility of these guinea pigs. 


TasLe No. 46.—Effect of repeated small injections upon sensitive guinea pigs. 


Inter- 
First injection. bee in Second injection. Result. 
ays. 


Gye: 
No. 


9716 | 0.23 c.c. toxine No.7+1/600 c. c. a2} 0.2 c. c. normal horse (Teddy) | Very severe symp- — 
antitoxic horse serum (Schr. serum into brain. toms. 
II). 48 days later 20 subcu- 
taneous injections, each 0.001 
ce. ¢e., normal horse (Frank) 
serum daily. d 

0.23 c. c. toxine No. 7+-1/560c. ¢. Bie sae {oP es yt Marked symptoms. 
antitoxic horse serum (PD 

| 08022). 48 days later 20 injec- 

| 


9673 


tions 0.001 c. ec. daily. 
0.23 c.c. toxine No. 7+1/520c.c. | yb (oe Ow. sic ee acneensseeeeee Marked symptoms. 
antitoxic horse serum (PD 
08022). 48 days later 20 injec- 
tions 0.001 c. ce. daily. 
9714 | 0.23 c.c. toxine No. 7+1/500 c. c. PIA ae Ae (6 | 0 ee i SS A805 Dead in 5 minutes. 
antitoxic horse serum (Schr. 
II). 48 days later 20 injec- | 
tions 0.01 c. c. daily. 
OYADT Vm on. “0 cemeteries = a Sage mer Ale tee Dane co i ES nS Marked symptoms. 
9677 | 0.23 c.c. toxine No. 7+1/520 c. ce. 2.3 AO A eee Marked symptoms. 
antitoxic horse serum (PD 
08022). 48 days later 20 injec- 
tions 0.01 c. c. daily. 
9155 | 0.23 c.c. toxine No. 7+1/200c.c. 11 | 6c. ec. normal horse (roan) se- | Dead in 120 minutes. — 
antitoxic horse serum (Cutter rum intraperitoneally. 
1856)... 60 days later 10 injec- 
tions 0.001 c. c. each, covering 
period of 20 days. 
9156 | 0.23 c.c. toxine No. 7+1/240c. ¢. 11 | 0.2¢.c. normal horse (roan) se- | Dead in 7 minutes. 
antitoxie horse serum (Cutter rum into brain. 
1856). 60 days later 10 injec- 
tions 0.001 c. c. each, covering 


9678 


period of 20 days. 
9252 | 0.23 c.c. toxine No. 7+1/400c.c. 11 | 6 ce. ce. normal horse (roan) se- | Dead in 90 minutes. 
antitoxic horse serum (Schr. rum subcutaneously. 
II). 60 days later 10 injec- 

tions 0.001 c. c. each, covering 

period of 20 days. 


a After last injection. 
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Taste No. 46.—L fect of repeated small injections upon sensitive guinea pigs—Con. 


a ——————— 


G.P : Inter- ; 
No ‘ Virst injection. valin Second injection. Result. 
| days 
_——— ——————_— | —__—_—_____ —— _ - 
9186 | 0.23 c.c. toxine No. 7+1/270c.¢. 11 | 0.05 ¢.c.normal horse (roan) se- | Severe symptoms. 
antitoxic horse serum (Mul. rum into brain, 


2362). 60 days later 10 injec- 
tions 0.001 c. c. each, covering 
period of 20 days. 

9157 | 0.23 c. c. toxine No. 7+1/290 c¢. ¢. 11 | 6c. ec. normal horse (roan) se- | 
antitoxic horseserum (Cutter rum subcutaneously. | 
1856). 60 days later 10 injec- 
tions 0.001 c. c. each, covering 
period of 20 days. 


Slight symptoms, 


‘ATTEMPTS TO IMMUNIZE SENSITIVE GUINEA PIGS BY RE- 
PEATED INJECTIONS OF HEATED SERUM. 


In the following series sensitized guinea pigs were injected with 1 ¢.e¢. 
of normal horse serum heated to 100° C. for one hour. The serum was 
first diluted in the proportion of 1 part to 3 of water to prevent coagula- 
tion. The 1c. c. of the mixture injected into the guinea pigs repre- 
sents, therefore, 0.25 c. c. of horse serum. The pigsreceived from 20 to 
25 injections subcutaneously. They therefore received a total amount 
of 5 to 6c. c. of normal horse serum. It is evident from the table that 
these injections failed to materially modify the susceptibility of the 
euinea pigs. } 


TaBLE No. 47.—Effect of heated serum upon sensitive guinea pigs. 


= ——— 


io. First injection. val in Second injection. Result. 
E days. 
9197 | 0.23 c.c. toxine No. 7+1/400 c. ec. a10 | 0.2e.c. normal horse (roan) se- | Dead in 10 minutes 
antitoxic horse serum (Schr. rum into brain. 
II). 62 days later 20 injec- 


tions 1 ¢c. ec. daily normal 
horse (roan) serum heated | 
100° C. 1 hour, subcutane- 


ously. | 
9179 | 0.23 c.c. toxine No. 7+1/540c. c¢. 8 | 6c. c. normal horse (roan) se- | Severe symptoms. 
antitoxic horse serum (Mul. rum intraperitoneally. 


2443). 62 days later 22 injec- | 
tions 1c¢.c. daily heated serum. | 
9180 | 0.23 ec. c. toxine No. 7+1/680c¢.¢. 4] 6c. ec. normal horse (roan) se- Marked symptoms. 
antitoxic horse serum (Mul. rum subcutaneously. | 
2443). 62 days later 25 injec- 
tions1e.c.daily heated serum. 
9191 | 0.23 c.c. toxine No. 7+1/400c.c¢. Gili eee MOR Seo eee haere eee eee Very severe symp- 
antitoxic horse serum (Mul. : | 
2358). 62 days later 24 injec- | 
| 
| 


toms. 


tions1e.c.daily heated serum. 


4 a After last injection. 
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PART 9.—THE RELATION OF ANAPHYLAXIS TO THE TOXEMIAS OF 
PREGNANCY. 


The symptoms which cause puerperal eclampsia and the condi- 
tions under which it occurs suggest that anaphylaxis may explain 
some of the mystery of this state. 

It occurred to us that either the blood or proteid substances in solu- 
tion from the fetus or the placenta may first sensitize the mother. A 
subsequent introduction into the system of the mother of a similar 
substance may explain the convulsions and the symptoms which 
occur in a certain class of the toxemias of pregnancy. 

“Through the establishment of the pathological anatomy of the 
condition a general agreement has been reached that puerperal 
eclampsia must be included among the diseases caused by toxic 
materials of unknown origin and nature.’’” <A certain class of the 
toxemias of pregnancy are sometimes spoken of as reflex or neurotic 
origin. 

There seems to be a fair agreement that the placenta must be the 
source of toxic material, especially as typical cases of eclampsia and per- 
nicious vomiting have been observed in patients with hydatid mole, in 
which cases, of course, toxic matter of fetal origin could be eliminated. 
Furthermore, eclampsia may appear after the fetus has been removed. 
Much attention was therefore given to the hypothesis elaborated 
about four years ago by Veit, Weichardt, and others that through 
the entrance of placental cells into the circulation of the mother an 
intoxication was caused either by disintegration of the cells and the 
formation of toxic substances or in the development of antisubstances 
by the maternal organism. 

In spite of much experimentation and discussion, however, no satis- 
factory conclusions have yet been reached concerning the validity 
of this hypothesis, and Martin has secured some very valuable evi- 
dence that at least in rabbits entrance of their own placental elements 
into the circulation in large amounts does not cause any serious dis- 
turbance. So far as we are aware, we are the first to suggest that cer- 
tain of the toxemias of pregnancy may be a condition of hypersus- 
ceptibility. 

Along these lines we first made a number of experiments to deter- 
mine whether the fetal blood of the guinea pig could sensitize the 
mother guinea pig. We injected a number of female guinea pigs, 
both pregnant and not pregnant, with fetal blood, and after an appro- 
priate interval gave them a second injection of the same material. 


@ Froma recent discussion of the theories concerning the causes of the toxemias of 
pregnancy. Editorial in the Journal of the American Medical Association, vol. 50, 
mo, 2, Jan. 11, 1908, p. 124. 
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All these experiments resulted negatively, which was anticipated 
from our previous studies upon the effect of homologous blood 
serums. This tends to confirm the clinical observations that the — 
poisons causing the toxemias of pregnancy do not come from the fetus. 
We then made a series of experiments upon female guinea pigs with — 
placental extracts. The placenta. Co: at full term) was ground up — 
in a mortar and allowed to ‘‘autolyze” about an hour at room tem-_ 
perature, and some of the resulting extract was injected subcutane- — 
ously into female guinea pigs. 
After an interval of twenty-two days the guinea pigs were again 
inoculated with a placental extract. This time the placenta was 
allowed to ‘‘autolyze” three hours in the incubator (37°C.). Five pigs _ 
were tested with this placental extract; three of them were given 6 ¢. c. 
into the peritoneum, two of these three showing pronounced symp- 
toms of anaphylaxis. The remaiing one showed slight symptoms. — 
Six cubic centimeters of the same placental extract injected into the 
peritoneal cavity of two young normal guinea pigs as a control pro- 
duced no apparent effect. The remaining pigs were injected with 
small quantities of the extract intracerebrally, with negative results. 
These experiments were repeated with precisely similar results. 
Thus four more guinea pigs were sensitized with different quantities of | 
guinea-pig placental extract, and after a period of twenty-two days 
were given a second injection of similar placental extract. . The 
extract used at both the first and second injections in these four pigs — 
was autolyzed three hours in the incubator, then strained through 
gauze. All four of them showed definite symptoms. 
In a third experiment three guinea pigs were sensitized subcutane- 
ously with placental extract (three hours at 37°), and after an interval 
of twenty-four days the second injection was given directly into the 
circulation by the intracardiac method. These three pigs showed 
severe and early symptoms, including convulsions. Three normal — 
control guinea pigs treated in the same manner did not respond. The — 
three pigs that responded to the second intracardiac injection were 
autopsied and found to have a fresh current-jelly clot in the pericar- | 
dial sac. How much this hemorrhage, which is probably due to the — 
puncture of superficial vessels of the heart, may account for the symp=-— 
toms is doubtful. Further work along this line is in progress. 
From this limited series it is evident that the mother guinea pig — 
may be sensitized with the autolytic products of her own placenta. 
These experiments naturally suggest that there may be a certain 
relation between some cases of puerperal eclampsia and the phenome- 
non in the guinea pig which we are studying.. Further studies along 
this line are now being made, especially to determine whether the 
liver lesions may thus be produced in the guinea pig and other 
animals. 


PART 10.—MISCELLANY. 


TIME. 


_ 'The longest time that has elapsed between the first and the second 
injections in a guinea pig in our experiments has been two years two 
days (732 days). It therefore seems that guinea pigs once sensitized 
with mixtures of antitoxic horse serum and diphtheria toxine are 
sensitive throughout practically the remainder of their lives. 


i 


Time. 
- Pp Inter- 
at First injection. val in Second injection. Result. 
og days. 
4523 | 0.19¢.c. toxine No. 7+1 immu- 732 | 6 c. c. normal horse (roan) se- Dead in 60 minutes. 
nity unit antitoxic horse se- rum intraperitoneally. | 
4 rum (B27). | 
" ! 
TaBLE No. 48.—Clam juice. 
5 No : First injection. val in Second injection. Result. 
Sl days. 
| 
1650 0.1¢.c.clam extract subeutane- | —-127 | 6c. c. clam extract subcutane- | Marked symptoms. 
ay.” 
ously. ously. 
oe oe 2). soa eeee Lieleeeee SOS eae oo Beha oe cise eee Do. 
pee = oe a 127 | 6c. c. clam extract intraperito- | Dead in 50 minutes. 
neally. 
“yee 0 Mains 2-00 See2 5/22. +2.. =.= 2%. «<= | Manked symptoms. 
ae: EME res 8 a (Se eee Do. 


_ The above series shows that the protein matter of clams may sen- 
sitize and poison guinea pigs. 
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PART 11.—SUMMARY AND CONCLUSIONS. 


The period of incubation of serum anaphylaxis is about seven days 
in guinea pigs sensitized in the brain and about nine days in guinea 
pigs sensitized subcutaneously. It also appears that the sensitization 
comes on somewhat gradually. 

Judged by our results and the work of others, the period of incuba- 
tion is quite constant. 

It seems that the period of incubation is not appreciably prolonged 
by a large sensitizing dose. 

Animals sensitized with horse serum alone remain so for a long 
period of time (at least 245 days). Guinea pigs sensitized with the 
toxine-antitoxin mixture remain sensitive throughout the remainder 
of their life (at least 732 days). 

The sensitizing principle is gradually influenced by heat. It disap- 
pears almost entirely when horse serum is heated to 100° C. for one 
hour. 

Guinea pigs may be sensitized by intracerebral injections, provided 
quantities of 0.000,1 c. c. or more are used. We obtained negative 
results with sensitizing doses of 0.000,01 c. c. into the brain. 

Guinea pigs may be sensitized by dropping horse serum upon the 
eye. 

The toxic principle in horse serum is gradually destroyed by heat. 

A temperature of 70° C. for one hour does not seem appreciably to 
diminish the poisonous property of horse serum, but it seems to be 
affected at 80° C. for one hour. At 90° C. for one hour it still remains 
slightly toxic, but at 100° C. for one hour the toxicity apparently dis- 
appears. 

The difference in the effect of heat upon the sensitizing and the 
toxic principle may be more apparent than real, for exceedingly min- 
ute amounts of serum will sensitize guinea pigs, while it would take a 


very large quantity of weakened serum to produce symptoms at the 
second injection. 


The toxicity of horse serum does not appear to diminish with the 
age of the serum. 

No favorable influence upon the anaphylactic state was obtained 
by injecting pancreatin, potassium oxalate, pepsin, sodium sulphate, 
Magnesium sulphate, peptone, calcium chloride, and calcium acetate 
into guinea pigs the day before they were tested. 
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Iodine also apparently had no modifying effect upon serum ana 
phylaxis, whether dissolved in the serum or injected separately into 
the guinea pig. 

Methemaglobin-producing substances, such as the nitrites, do not 
hinder anaphylaxis. 

Ether narcosis masks the symptoms, but does not prevent the fata 
issue of a second injection. 

Further attempts to find free antibodies to neutralize the toxic 
action of horse serum by treating it with the sensitized guinea pig 
serum, and also with the brain substance of sensitized guinea pigs, 
proved negative. 

The specific nature of anaphylaxis is further shown by various experi- 
ments. For example, guinea pigs sensitized with three separate pro- 
teins, viz, horse serum, egg white, and cow’s milk, contain three sepa- 
rate anaphylactins in their blood. | 

Guinea pigs sensitized with human milk do not react to a second 
injection of cow’s milk. This again indicates not only the specific 
nature of the anaphylactic reaction, but suggests differences between 
the protein matter of human and cow’s milk. 

Guinea pigs sensitized with sheep’s milk react to a subsequent in- 
jection of cow’s milk. 

Guinea pigs sensitized with dog’s milk do not react to a subsequent 
injection of cow’s milk. 

Guinea pigs sensitized with hen egg white react to a subsequent 
injection of duck egg white; and guinea pigs sensitized with duck egg 
white react to a subsequent injection of hen egg white. The results 
of similar studies with goose, guinea hen, crane, pigeon, and a 
egg albumin are recorded in fhe. text. 

The anaphylactic reaction in the guinea pig, therefore, seems to bal 
specific in the sense that the precipitins are specific. That i is, there is 
a group reaction in the proteins of allied species, but no reaction be 
tween the proteins of widely different species or between proteins of 
widely different origin. 

A substance known as ‘‘anaphylactin”’ is present in the blood serum 
of sensitized guinea pigs. This substance is not present during the~ 
period of incubation. 

We have been unable to demonstrate the epee: © of anaphylactin n 
in the blood serum of man, the monkey, and the ¢ 

Anaphylactin is present in the blood serum of i immune guinea pigs 

The mechanism of anaphylaxis.—We find that congestion and some: 
times hemorrhages may be present in guinea pigs dead of anaphylaxis. 
but these lesions are not always apparent, and, furthermore, are no 
specific. 

We were unable to demonstrate fatty lesions in guinea pigs dead ¢ 
anaphylaxis, and know, further, they occur in other states. | 
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We believe that these morphological alterations do not explain the 
mechanism of anaphylaxis. It is probable that the mechanism will 
not be unraveled until further light is shed upon the chemistry of 
_ protein metabolism. 

Cases of sudden death in man.—Our experiments demonstrate that 
the horse serum used in cases followed by sudden death is no more 
toxic for guinea pigs than antitoxic horse serums used extensively in 
human therapy without untoward symptoms. 

It is our belief that it is not the special toxicity of the horse serum, 
but the sensitization of the patient, which accounts for the collapse 
or sudden death sometimes following the injection of horse serum. 

We are still unable to account for the ways in which man may be 
sensitized to a foreign protein. It seems perfectly plain, however, that 
man may be so sensitized. 

In previous publications we suggested that the essential lesion of 
serum anaphylaxis is probably localized in the respiratory center, 
and the association of asthma and hypersusceptibility to horse serum 
in man seems to lend some weight to this hypothesis. 

The knowledge of the fact that an injection of horse serum into 
some asthmatics may be attended with danger should be considered 
in the use of antitoxin. 

The repeated injections of small amounts of horse serum sensitizes 
guinea pigs. 

Repeated injections of large amounts render guinea pigs partially 
immune. 

Repeated injections of small amounts of. serum into sensitized 
guinea pigs have no appreciable effect. 

Sensitized guinea pigs can not be immunized by repeated injections 
of heated serum (100° C. for one hour). 

We suggest a possible relation between the toxemias of pregnancy 
and anaphylaxis. 

Guinea pigs can not be sensitized with guinea-pig fetal blood. This 
shows that the fetal blood of the guinea pig does not contain an alien 
protein for the mother. 

Guinea pigs may be sensitized and subsequently poisoned with 
guinea-pig placental extracts. 


LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 
AND MARINE-HOSPITAL SERVICE. 


The Hygienic Laboratory was established in New York, at the Marine Hospital on 
Staten Island, August, 1887. It was transferred to Washington, with quarters in the 
Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 
was authorized by act of Congress, March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
Serv., Wash.] have been issued: 

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 

No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 

*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
to the destruction of rats. By M. J. Rosenau. 

*No. 6.—Disinfection against mosquitoes with formaldehyd ana sulphur dioxid. 
By M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 


_ Francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography 


with simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘ United States Marine- 
Hospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service of 
the United States,’’ and three new divisions were added to the Hygienic Laboratory. 

Since the change of name of the Service the bulletins of the Hygienic Laboratory 
have been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
(Revised edition, March, 1904.) . 

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No 11.—An experimental investigation of Trypanosoma lewisi. By Edward 
Francis. . 

*No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 
By M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 
the United Staes Government Hospital for the Insane; by Philip E. Garrison, Bray- 
ton H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis 
culicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 


John F. Anderson. 
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No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 
J. McLaughlin. 

*No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau. 

*No. 17.—Illustrated key to the trematode parasites of man. By Ch.Wardell Stiles. 
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*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 

*No. 19.—A method for inoculating animals with precise amounts. By M. J, 
Rosenau. 4 

*No. 20.—A zoological investigation into the cause, transmission, and source of 
Rocky Mountain “‘spotted fever.’’ By Ch. Wardell Stiles. 

No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on Ehr- 
lich’s normal serum). Official standard prepared under the act approved July 1, 1902, 
By M. J. Rosenau. ~ 

*No. 22.—Chloride of zine as a deodorant, antiseptic, and germicide. By T. B. 
McClintic. 

*No. 23.—Changes in the Pharmacopceia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No. 24.—The International Code of Zoological Nomenclature as applied to medicine. 
By Ch. Wardell Stiles. 

No. 25.—I]lustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 

No. 26.—On the stability of the oxidases and their conduct toward various reagents. 
The conduct of phenolphthalein in the animal organism. A test for saccharin, and 
a simple method of distinguishing between cumarin and vanillin. The toxicity of 
ozone and other oxidizing agents to lipase. The influence of chemical constitution on — 
the lipolytic hydrolysis of etheral salts. By J. H. Kastle. 

No. 27.—The limitations of formaldehyde gas as a disinfectant with special reference — 
to car sanitation. By Thomas B. McClintic. 

*No. 28.—A statistical study of the prevalence of intestinal worms in man. By 
Sh. Wardell Stiles and Philip E. Garrison. 

*No. 29.—A study of the cause of sudden death following the injection of horse | 
serum. By M. J. Rosenau and John F. Anderson. 

No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternal 
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SUMMARY. 


Hepatozoon perniciosum, Nn. g., N. sp., is a hemogregarine found i 
white rats in Washington, D. C., and the cause of an epizooti 
observed among these animals. The protozoon is conveyed by a mit 
(Lelaps echidninus Berlese), which is the true intermediate hos 
Infection is transmitted to the rat when the mite is swallowed b 
the rat. 

The mites are ecto-parasites upon the rats, from which the 
receive infection by sucking the blood. : 

Multiplication of the hemogregarine in the rat takes place in h 
liver. In the stomach of the mite the hemogregarines conjuga 
and form an ookinet, which penetrates the stomach wall and con 
pletes its development in the body tissues of the mite. | 

The illustrations in this bulletin have been prepared from dray 
ings made by the laboratory artist, Prof. Leonard H. Wilder. 
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HEPATOZOON PERNICIOSUM (N. G., N. SP.)—A HAEMO- 
~ GREGARINE PATHOGENIC FOR WHITE RATS; WITH 
_ A DESCRIPTION OF THE SEXUAL CYCLE IN THE 

INTERMEDIATE HOST, A MITE (LELAPS ECHIDNINUS 
= BERLESE),’ 


By Writi1amM WHITFIELD MILLER, 


Assistant Surgeon, U.S. Public Health and Marine-Hospital Service, 
Washington, D. C. 


INTRODUCTION. 


Although the first of the Hemocytozoa to be discovered (Lankes- 
terella ranarum, by Lankester in 1871) was a hemogregarine, our 
knowledge to-day of this important group is far from complete. 
A great number of hematozoa have been described in cold-blooded 
animals, in nearly all of which there is a more or less close resem- 
blance to the gregarine type. The most noteworthy peculiarity of 
these parasites is the wormlike form assumed during at least some 
portion of the life cycle. They are, at some period, endoglobular; 
but they lack the ameboid motion, and pigmentation so character- 
istic of the hemamebe. Multiplication occurs by division into two 
or into many individuals. 

Classifying them according to the vertebrate host, the following is 
a brief description of the known species. 


H/EMOGREGARINIDZ OF AMPHIBIA. 


About ten species of hzemogregarines in batrachians are known, 
all of which affect the red blood cells of frogs and toads. Until 
quite recently the belief was unquestioned that sexual as well as 
nonsexual multiplication occurred in the same host. In fact, 
Hintze® interpreted certain” appearances as a conjugation of the 


@ Manuscript submitted for publication June 25, 1908. 
> Hintze, R.: Lebensweise und Entwicklung von Lankesterella minima (Chaussat). 
Zoolog. Jahrb., Abt. f. Anat. u. Ontog., Bd. 15, Heft 4, 1904, pp. 693-730. 
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parasites and the formation of an ookinet which entered the i 
tinal epithelium, became encysted, was cast off in the focal ‘ 
served, when ingested by another frog, to propagate the parasite. 

Lithe believes this observation. to be in error and regards { 
oocyst as coccidial in nature. The multiple infections of protoz 
(flagellates, coccidia, and hemogregarines) found in frogs, often i ‘2 t 
same animal, aden it very difficult to determine positively to whi 
parasite certain phases in the life cycle belong. a 

A recent observation by Durham“ upon the life history of )) 
panidium in a South American toad is of special interest. He four 
that nearly all the toads were infested with a species of tick. 
the stomach of the tick were seen forms of the Drepanidium appa 
ently in copulation, also peculiar cysts 60 micra in diameter, whi 
he believed to be some stage in the life cycle of the parasite. Du 
hanr regards the tick as the probable intermediate host, althoug 
this is not definitely established. 

The studies of Billet? and also some recent observations of Laver 
and Négre* seem to indicate that trypanosomes may play a pa 
in the life cycle of Lankesterella and other hemogregarines. Beydl 
question, a great deal of work is necessary upon this group befo 
many doubtful points can be clarified. 


HAEMOGREGARINIDZ OF SNAKES AND LIZARDS. 


Liihe? mentions nineteen species affecting the red blood ec 
puscles of snakes and lizards. He divides them into two gener 
Karyolysus and Hemogregarina. A noteworthy peculiarity of 
former is the existence of large and small trophozoites (withot 
intermediate stages) —the macro-merozoites and micro-merozoite 
Schizogony takes place in red blood cells in the capillaries of intert 
organs. The membrane remaining after destruction of the red ¢ 
forms a sort of a cyst wall. The schizonts are of two types, mact 
schizonts and micro-schizonts, corresponding to the two varieties 
merozoites. | 


a Pashant H. E.: Drepandium in the toad. Liverpool School of Tropical Me 
cine, Meco VII—Report of the yellow-fever expedition to Para, Liverpool, 19 


pp. 78-79. > 
b Billet, A.: Sur le Trypanosoma inopinatum de la grenouille verte de |’ Algé 
et sa relation possible avec les Drepanidium. C.R. Soc. Biol., Paris, vol. 57, No. 


1904, pp. 161-165. 
¢ Laveran, A., & Négre: Sur un protozoaire parasite de Hyalomma xgyptium. 
R. Soc. Biol., Paris, vol. 58, no. 21, 1905, pp. 964-966. 
d Liihe, M.: In Handbuch der Tropenkrankheiten, ©. Mense, Leipzig, 1906, ] 
III, pp. 209-210. _ 
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Lutz regards the small forms as male and the large as female. 
fe has never seen evidence of conjugation of the trophozoites in the 
lood of the host. The intermediate host is unknown. 


HAEMOGREGARINIDZE OF TURTLES AND CROCODILES. 


: A large number of hzemogregarines have been described in turtles, 
_ Heemogregarina stepanovt Danielewsky has been carefully studied by 
en eowsky, and in its sexual development by Siegel.’ 

In Hemogregarina stepanovi the gametocytes, according to Siegel, 
are the elongated trophozoites which are beiit into a U shape on 
account of their length being greater than that of the red blood cell 
which they inhabit. Schizogony occurs as in other hemogr egarines. 
There is no dimorphism of the schizonts. The invertebrate host is a 
leech, in the gut of which the gametocytes develop and fertilization 
takes place. The ookinet which develops from the zygote invades 
the intestinal wall and enters the esophageal glands, where elongated 
sporozoites are formed. Infection of the turtle, to which the leech 
next attaches itself, is said to take place in a manner similar to the 
malarial infection from mosquitoes. Siegel believes that the ovary 
and eggs of the leech may be invaded by the sporozoites, and the 
next generation of leeches thus infected. 


HAEMOGREGARINIDZ OF FISHES. 


About twelve species are known. Hemogregarina bigemina, from 
the blood of blennies (Blennius pholis), has been described by Laveran 
and Mesnil.© In the nonsexual multiplication of this parasite by 
binary fission a resemblance to the manner of multiplication in 
piroplasma is observed, and incidentally to that in trypanosomes. In. 
this connection it is interesting to note that trypanosomes have been 
found very frequently in the blood of fishes, which also harbor hemo- ~ 
gregarines. The group is as yet imperfectly known. The mode of 
transmission of the infection has not been determined. 

In all hemogregarines of cold-blooded animals which have been 
studied, nonsexual multiplication or schizogony takes place in the red 
blood corpuscles, usually in some internal organ. The merozoites, 
when set free, invade other red blood cells, and increase considerably 
in size before reaching maturity. 


@lutz, A.: Ueber die Drepanidien der Schlangen. Ein Beitrag zur Kenntniss des 
Hamosporidien. Centblt. f. Bakt., 1. Abt., vol. 29, 1901, pp. 390-398. 

b Siegel: Die geschlechtliche Entwicklung von Hxemogregarina stepanovi in Riisse- 
legel Placobdella catenigera. Arch. f. Protistenkde., 1903, Bd. 2, H. 3, pp. 339-342. 

¢ Laveran, A., & Mesnil, F.: Deux hémogrégarines nouvelles des poissons. C. R. 
de l’Acad. des Sci., vol. 133, 1901, pp. 572-577. 
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HAEMOGREGARINIDZ OF MAMMALS. 


Although the first protozoan blood parasites to be observa 
the exception of trypanosomes, were hemogregarines, and since th 
time a great number have been discovered in cold-blooded anima 
and more or less completely described, knowledge of such forms 
warm-blooded animals dates back cate three or four years. ; 

In 1905 James“ published a description of a new parasite found i 
the white blood cells of pariah dogs in India, their occurrence hayin 
been previously noted by Bentley. James did not regard the par 
site, which he named Leucocytozoon canis, as a hemogregarine, bu 
mensidersd its relationship to parasites in the blood of birds, certai 
forms of which appear to infect the white blood corpuscles. 

These so-called “leucocytozoa”’ were first described by Danielewsky 
in the blood of owls. 4 

Quite recently Schaudinn,’ Laveran,’ and Berestneff’ have show 
that the forms of this parasite (now known as Leucocytozoon ziemanni 
which resemble parasites in leucocytes, are in reality macrogamet 
to which are attached portions of the nucleus of the red cell originall 
invaded. The name is somewhat misleading. ) 

James found Leucocytozoon canis present in the blood of 6 out of 4 
dogs examined. The polymorphonuclear cells were the only variet 
affected. The largest percentage of infected corpuscles recorded we 
9 per cent. In one single instance only was a parasite found free 1 
a stained blood smear. On one occasion a free form was seen in 
fresh preparation, having escaped from the leucocyte by reason 
its continuous vermicular movements. The wormlike body remaine 
in contact with the host cell, but continued its movements for 4 
hour or more. 

The intracorpuscular forms, when stained by Romanowsky’s methot 
are described as-oblong bean-shaped bodies enveloped by the prot 
plasm of the leucocyte and apparently surrounded by a delicate cys 
In addition to the bean-shaped bodies, James describes parasite 
almost round in shape, Ww ith a very indistino® capsule. The leuc 


7 


a aa On ee feat in thé Ww he conaeleane ae pibea of dowel Sci. Me 
Officers Med. & San. Dept. Govt. India, 1905, n. s., no. 14. 
» Bentley: Preliminary note upon a leucocytozoon of the dog. Brit. med. jour 
May 6, 1905, p. 988. . 
¢ Danielewsky, B.: La parasitologie comparée du sang. Kharkoff, 1889. Al 
Developpement des parasites malariques dans les leucocytes des oiseaux. Ann, 
VInst. Pasteur, 1890, p. 427. 
d Schaudinn, F.: Generations- und Wirtswechsel bei Trypanosoma und Spiroel 
Arb. a. d. Kaiserl. Gesundheitsamte, vol. 20, 1904, p. 387-439. 
€ Laveran, A.: Contribution 4 l’étude de Hemameba ziemanni. C. R. Soc. Bx 
vol. 55, 1903, p. 620-623. 7 
J Berestneff, N.: Ueber das Leucocytozoén Danielewsky. Arch. f. Protistenk 
vol. 3, 1904, p. 376-386. 
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eytes affected are of the polymorphonuclear variety. The nucleus 
i . 86 per cent of the parasites is situated near one extremity and is 
oval or round in shape, and stains like the nuclei of the leucocytes. 
~The manner in which nonsexual multiplication takes place in the 
bone marrow is described by Christophers.“ 

_ Since the discovery of Leucocytozoon canis by Bentley a number of 
somewhat similar parasites have been observed in the blood of mam- 
mals, all in tropical regions. In some instances they affect only the 
uite corpuscles, in others only the red cells, but never both. Certain 
peculiarities and their similarity to haemogregarines in cold-blooded 
animals are sufficient to identify them in the Hemogregarinide. 
In 1905 Balfour? described a new parasite in the red blood cells 
of Jaculus jaculus, the jerboa, or kangaroo rat, of Sudan. This 
organism, according to Laveran, is a aa ee 

The trophozoite, which is siehar free or lies in the remains of a red 
blood cell, is sausage shaped, nonpigmented, and nonmotile. It 
measures 5.5 to 7 micra in length and from 1.4 to 2.8 micra in breadth. 
When stained by the Leishmann-Romanowsky method, the nucleus 
is large, oval, and centrally located. In the peripheral blood all 
forms are in about the same stage of development. The animal host 
does not suffer in health. 

The parasite (Zaemogregarina balfourr) of the jerboa is bent slightly 
upon itself and its length is a little greater than that of the red cor- 
puseles. In addition to the form described, Balfour observed on one 
occasion a free motile vermicule form without flagellum. Ina stained 
specimen which showed this stage the total length was 15.5 micra, one 
extremity being finely tapered to a point, the other rounded and con- 
taining chromatin granules. Multiplication occurs by schizogony. 
The schizonts are found in the liver, kidney, and bone marrow, in 
the form of cysts. The cyst walls appear to be formed of the rem- 
nant of the cell of the organ invaded. In the liver the schizonts 
appear quite similar to those of certain coccidia. The manner of 
invasion of the liver cells has not been determined. No sexual cycle 
or mode of transmission is known. Balfour states that no naked-eye 
indications of disease are present in an infected animal. The spleen 
is not enlarged. He also mentions the fact that he has discovered 
What seems to be the same parasite (//. balfowri) in the mononuclear 
leucocytes of a rat (Mus deewmanus) in Khartoum. 

In 1905 Christophers ¢ discovered a parasite in the red blood cells 


@ Christophers, 8. R.: Lewcocytozoon canis. Sci. Mem. Officers Med. & San. Dept. 
Govt. India, 1906, n. s., no. 26. . 

> Balfour, A.: A heemogregarine of mammals. Journ. Trop. Med., vol. 8, 1905, 
p. 241; vol. 9, 1906, pp. 81-84. 

€ Christophers, S. R.: Hemogregarina gerbilli. Sci. Mem. Officers Med. & San. 
Dept. Goy. India, 1905, n. s., no. 18. 
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of the Indian field rat (Gerbillus indicus) which resembles /7. balfor 
The affected corpuscles (somewhat enlarged) contained a mint 
motionless vermicule with a short, sharply flexed tail (trophozoit 
A distinct space surrounded the parasite. In some fresh prepar 
tions there were free parasites similar to the above, except that t 
pointed extremity was no longer bent. They exhibited active glidi 
movements, also twisting and turning motions. In stained spe 
mens the trophozoites were in the red cells and appeared to be enve 
oped by a capsule. <A large chromatin body was situated in tl 
‘tail’ of the parasite, also occasional scattered granules. 
No certain sexual differentiation of the trophozoites could be mac 
out. Although all the organs of infected rats were carefully studie 
no evidence of nonsexual multiplication could be found. Infecte 
rats showed no constitutional disturbances. Differential leucocyt 
counts indicated that the percentage of different kinds of leucocyte 
differed but little from the normal. j 
The only ecto-parasites found upon the rats were insects—a ne 
species of louse (Hematopinus) measuring 1.4 by .6 mm. Certai 
structures were encountered in the dissection of these lice whic 
Christophers regarded as phases of the sexual cycle of HZ. gerbil | 
Although experiments were made to infect lice from infected animal 
no recorded attempts were made to transmit the infection from on 
animal to another by means of lice. In his experiments a numb 
of lice were placed upon a young heavily infected rat. These wel 
removed at stated intervals and examined. On the fourth day t 
lice were removed and examined. In the midgut and intestine vermi 
cules in active motion were observed. On the seventh day large: 
cysts were observed lying free in the body cavity of the insect. They 
were of large size, measuring as much as 350 micra in diamete 
When dissected out they appeared as minute white spheres whie 
with the microscope, were observed to be filled with minute cys 
- containing six or eight crescentic bodies. Younger cysts measur 
10 micra in diameter were also seen, also intermediate ones varyil 
in size between the smallest and the largest. No satisfactory stained 
specimens of these intermediate stages were obtained. No abnorm 
appearance was observed in the salivary glands of any of the | 
examined. When ruptured cysts were mixed with the blood of t 
Indian rat and examined with the microscope, the crescents became 
active vermicules. | 
No forms suggesting sexual elements or conjugation were observ 
by Christophers. In a recent work this writer’ states, regardi 
the life cycle of 7H. gerouls in Hematopiuus stephensr: “Vermicu 


a Christophers, g, R.: The sexual pa of Leucocytozoon canis in the tick. 
Mem. Officers Med. & San. Dept. Govt. India, 1907, no. 28. 
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re freely liberated in the midgut and in the body cavity large cysts 

s found; but, as a result of work on L. canis in the tick, I am doubt- 
‘ul whether the cysts have anything to do with the hemogregarine.’’ 
Patton * has described a parasite in the large mononuclear leuco- 
yytes of palm squirrels. Forms measuring 10 micra in length were 
en, one extremity being bent and somewhat pointed, resembling a 
il. Free vermicules exhibited slow ‘‘streaming’’ movements. Pat- 
‘on made a number of leucocyte counts upon blood from infected 
ind noninfected squirrels and found both a relative and numerical 
nerease of the large mononuclears in the former. Smears were made 
rom all the organs of the squirrel, but no evidence of multiplication 
was observed. | 
Lice (a species of Haematopinus) were found upon many of the 
squirrels examined. Upon dissection active vermicules measuring 
15.5 micra were seen in the gut of the lice which had been placed 
ipon infected squirrels. No further development was observed, nor 
were any. parasitic bodies found in the ovaries or salivary glands. 

Christophers ° has recently published his observations upon the 
sexual cycle of Leucocytozoon canis in the tick. He had previously 
lescribed the schizogony, which takes place in the bone marrow, but 
vever in the liver or kidney. The merozoites are formed in cysts. 
Ine cyst may contain 30 or more merozoites. 

The sexual cycle in the dog tick (Rhipicephalus sanguineus) is 
lescribed as follows: In the gut of ticks examined immediately after 
‘emoval from infected dogs free vermicules are seen; after twenty- 
our hours they have penetrated the cells of the gut wall and are seen 
n various stages of fission, which precedes the formation of the sexual 
lements. On the third day conjugation bodies and the first stages of 
he development of the fertilized oocyst are seen. Mature oocysts 
ire observed on the fourth day. According to Christophers, the ver- 
nicules, after entering the intestinal cell, divide into two, four, or even 
ight vermicules. Two of these vermicules then conjugate and an 
ocyst is formed, which, when fully developed, measures 14 micra 
n diameter and splits up into 12 to 14 sporozoites, without an investing 
‘apsule. The entire process takes place in the epithelium of the gut 
vall and not in the ccelomic cavity of the tick. 

From the description of Christophers it seems difficult to under- 
tand his interpretation of some of the stages observed. Especially 
t would seem difficult to distinguish the parasites formed by fission 
of the vermicules from the free sporozoites. He mentions no feature 


@ Patton, W. S.: On a parasite found in the white corpuscles of the blood of palm 
quirrels. Sci. Mem. Officers Med. & San. Dept. Govt. India, 1906, n. s., no. 24. 

> Christophers, S. R.: The sexual cycle of Leucocytozoon canis in the tick. Sci. 
Mem. Officers Med. & San. Dept. Govt. India, 1907, no. 28. 
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which distinguishes the male elements (microgametes) from the fer a | 
(macrogametes). i 
The method of inoculation of a dog with L. canis by the a : 
unknown. Christophers states that since the female tick does n¢ 
suck blood again after repletion, the passage of the sporozoite int 
thé ova seems a necessity if the parasite is to regain entrance into th 
mammalian host. He has been unable to find sporozoites in the « ov : 
or, in fact, anywhere except in the gut of the ticks. 
‘Adie,” in India, has observed in blood smears from Mus rattus, 11 
each instance accompanied by trypanosomes, a leucocytozoon with an 
oval nucleus and without cytocyst, and about one-third the length 
of the leucocyte in which it was inclosed. Further details a ne 
it are lacking. ; 
Summary. ees critical examination of the literature dealing with 
the Hemogregarinide reveals the fact that almost nothing is definitely 
known concerning their sexual cycle and manner of transmission. 


HEPATOZOON PERNICIOSUM. 
MATERIAL AND TECHNIQUE. 


An examination of a blood smear from a white rat which had die¢ 
from an unknown cause revealed a large number of protozoan para- 
sites somewhat resembling Leucocytozoon canis. It was fouad upon 
inquiry that the stock of white rats kept for laboratory use, in cages, 
in a wooden building adjoining the stable was being greatly depleted 
by disease. Many of the animals became anemic and emaciated and 
after a longer or shorter period, usually a week or more, died. Upon 
examination it was found that some of the cages were infested with 
mites, which were present in large numbers upon the rats. Some of 
these mites, taken from an infected rat, were found to harbor the 
leucocytic parasite found in the blood of the rats. A more extendec 
study revealed the interesting fact that the sexual phase of the para 
site occurs in the mite. 

Seventeen rats, four of which died later, were made the basis off 
study of the parasite in the rat. In eddie a large amount ¢ 
material was obtained from rats experimentally infected. Mate ; 
in a perfectly fresh condition was taken from all organs and preserves 
in fixing fluids. All the customary fixatives were employed, but th 
most satisfactory reagent for preserving the parasites in tissues wa 
found to be formalin (formalin=40 per cent formaldehyde). I 
strengths of 4 to 10 per cent of formalin in normal salt solution th 
tissues were immersed for twenty-four hours, then washed out 1 
water and preserved 1 in 70 to 80 per cent alcohol. Sections va if 


a Saja: x R.: Not e on a leucocytozoon founda in Mus ratte in the Punjaub. Journ 
trop. med., vol. 9, 1906, p. 325 . 
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The stains used for sections were Weigert’s iron hematoxylin, 
Jelafield’s hematoxylin, and Giemsa’s solution for Romanowsky 
taining. Smears from blood and the various organs were prepared, 
both ary and fixed in alcohol, formol alcohol, and methyl alcohol. 
Giemsa’s and Wright’s stains were found the most. satisfactory for 
blood smears. 
_ In drawing blood from living rats some difficulty is usually expe- 
rienced. If a portion of the tail (about 14 inches) is removed, 
sufficient blood for smears is readily obtained. If the blood exami- 
nation is to be repeated daily, a slight manipulation causes the 
granulation tissue formed upon the stump to bleed freely. The 
increased number of leucocytes on account of the slight inflammatory 
reaction from the wound does not interfere with the detection of the 
parasite. Obviously blood obtained in this manner could not be used 
for differential or total counts of the white blood cells, in which instance 
it is necessary to remove another small piece from the extremity. 

In handling the rats a pair of long curved surgical dressing forceps, 
with which the animal is grasped. ne the loose skin at the back of the 
neck, are very convenient. 


HrpaTozoon PERNICIOSUM IN THE BLOOD or Waite Rats. 


When stained smears made from the blood of infected rats are 
examined with the microscope, large oval nucleated bodies are seen 
emvedded in the protoplasm of leucocytes. The white cells affected 
are almost invariably large mononuclear lymphocytes, seldom transi- 
tional leucocytes, and very rarely polymorphonuclear leucocytes. 
The mononuclear and transitional cells of the rat’s blood resemble 
very closely cells of the same type in human blood. The nuclei stain 
strongly with basic stains, and the protoplasm is free of basic staining 
granules. The nuclei of the former variety are almost always excen- 
trically located in the cell protoplasm, and the parasite, when present, 
is usually situated beside the nucleus, where the protoplasm is most 
abundant. In transitional cells the parasite is often wedged in the 
angle formed by the bending of the nucleus. The white cells which 
contain parasites appear to suffer in no way by reason of their pres- 
ence. Evidence of degenerative or other changes is lacking. 
_ A marked increase in the number of leucocytes, especially of the 
large mononuclear variety, is invariably observed when parasites are 
present. This increase varies in direct proportion to the number of 
parasites in the blood. The blood in severe infections, shortly before 
death, strongly suggests that seen in human Fymphatic leukemia, 
both in the fresh and stained condition. Nucleated red cells, eh 
are present in small numbers in normal rat’s blood, are often greatly 
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increased in numbers. A series of actual and differential leucocyt 
counts of the blood of rats, with infections of varying severity, i 
given below. 


Large | 
lympho- | Number |,, See Large rita eates Polymor- nave Small 
= cytes con- | of para- ee: pag mononu- ee phonu- ae > mononu- 
taining sites free. | os clears. ys clears. P 4 clears. © 
| parasites. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
u (ro 2 36, 000 62. 6. 2 20. 9 Led 9. § 
2 16 4 32, 600 48 5. 5 31.1 Pa 3 
3 53. 5 6 102, 000 65. 1 9. 6 18. 3 .8 
4 30 0 16,000 51.3 4.5 31.2 6 
5 82. 5 6 128, 000 78. 7 6.5 11.6 .3 
6 39 0 28, 500 45. 8 6 39. 6 he 
7 48 1 64, 000 50.1 8.6 35.5 1.8 
8 2 0 12, 600 30. 2 8.5 51 2 
9 12 | 0 10, 800 35. 6 10.5 48 1.5 
10 20. 5 | 0 15, 200 30. 5 7 50. 7 1.6 


| 


A number of red blood cell counts made upon the blood of heavily | 
infected rats gave from 1,900,000 to 3,200,000 per cubic millimeter, — 
Hemoglobin, with the Tallquist scale, from 20 to 60 per cent. 


PARASITES IN FRESH BLOOD. 
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When a drop of blood is spread out thinly between cover slip and 
slide the parasites are readily made out in the leucocytes. They 
appear as large rod-shaped bodies with rounded extremities and are 
slightly more refractile to light than the leucocytes. No nucle 
can be detected. In the fresh condition the parasite appears longer 
and more slender than when stained. It is often longer than the 
leucocyte in which it is contained, the protoplasm of the latter 
appearing to be stretched somewhat in order to encompass the 
parasite. | 

The first studies made upon /H. perniciosum in the blood were 
limited to material obtained from naturally infected rats, in all of 
which the infection had existed for some time before the discovery 
of the microorganism. In the blood of these rats nearly all the para- 
sites were in leucocytes, and very few were observed free. In rats 
artificially infected, and in which daily blood examinations were made 
from the beginning, conditions were found to be somewhat different a 
the inception of the disease. 

The first parasites observed in recently infected animals were free 
in the blood plasma, few in number, and actively motile. Later, 
the common encysted forms appeared and the motile forms—the 
‘‘vermicules’’—disappeared. In a few rats, vermicules were found 
during the course of the disease and especially just before death 
The vermicules, as observed, are slender bodies 15 to 16 micra il 
length, with clear delicately striated nongranular protoplasm, some 
what refractile to light. The anterior extremity, bluntly pointed, i 
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vys the one directed forward when in motion. The posterior 
remity is pepeorres, ere and nearer the nucleus. The move- 


Lose Bot cules formed sobt asthe, ern h will be donot 
ter in detail. 
PARASITES STAINED. 


In blood smears stained by Giemsa’s or Wright’s stain the parasites 
year as elongated oval bodies, broader and shorter than in the fresh 
50d, measuring on the average 12 by 6 micra. The nucleus stains 
Most the same color as the nucleus of the leucocyte in which it ap- 
ears. The protoplasm of the parasite stains pale blue (more strongly 
: the periphery),is uniform in character, and is free of granules. The 
ucleus usually occupies the middle chird of the parasite; occasion- 
ly it is located at the extremity. In outline the common form is 
ymewhat quadrilateral with rounded corners or is irregularly oval. 
istead of being made up of chromatin granules the nucleus is com- 
osed of skeins or bands of chromatin, often arranged in a more or 
ss parallel fashion at right angles to the parasite. It is probable 
iat the nucleus is quite thin and flat, since parasites are frequently 
en in which the chromatin is arranged in a single narrow band 
sar and parallel to one side. Surrounding each parasite and separat- 
@ it from the protoplasm of the leucocyte is a delicate cyst wall, 
hich appears usually as a clear, unstained, narrow area of even 
uickness. The superficial layer of protoplasm of the parasite 
ems condensed. That the cyst is an integral part of the latter 
id not of the leucocyte is shown by the fact that free encysted 
rms are occasionally seen. 

The behavior of the parasites toward stains is an additional evi- 
ence of the presence of a cyst wall. When less powerful stains are 
nployed than those mentioned the parasite stains with great 
ifficulty, although the leucocytes are strongly stained. In faintly 
aimed specimens the parasites appear as colorless, refractile bodies, 
1e interior being unstained. 

It is noteworthy that in H. perniciosum, as in other hemogre- 
wines of mammals, the forms met with in the circulation—the tro- 
hozoites—are approximately equal in size. Moreover, the dimen- 
ons do not vary greatly in different animals or in the same animal 
| different times. This peculiarity is explained, as will be shown 
iter, by the fact that the parasites are discharged only when fully 
rown into the circulating blood. 

In stained specimens the free vermicules are slender, curved or 
raight, with blue staining protoplasm, devoid of sramiled and 
ithout a capsule. The Sa is formed of several sibrded chro- 
latic bodies (pl. 11). One extremity is often pointed, and the 
~ 50519—Bull. 46—08——2 
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vermicule is longer and slenderer than the encysted parasite. Th 
latter unquestionably originates from the vermicule and all grada 
tions between the two are observed, especially in smears from th 
liver. 

In the first stage the vermicule becomes broader and shorter 
retaining the granular nucleus; next, the latter is changed to the 
bandlike or homogeneous form, either before or after being engulfed 
by a phagocytic mononuclear or transitional white cell; and finally 
a capsule is developed. The ultimate fate of the parasites is uncer 
tain. In rats with a mild grade of infection the encysted tropho- 
zoites may be found in moderate numbers six to eight weeks or even 
longer after the onset of the disease; yet when the livers of such 
animals are examined no schizonts are found. From this it 
evident that the trophozoites after becoming encysted may continue 
in the circulation, acting merely as foreign bodies, for some time 
after their formation. The pathogenic effects appear, as in other 
hematozoa, to be caused by toxic substances set free during the 
stage of multiplication. 

In addition to the forms described, others are sometimes observed. | 
These consist of slight variations from the usual motionless type, the 
trophozoite. Large oval or even spherical parasites are seen, with 
banded nuclei, sometimes free, more often in leucocytes, and rarely 
showing signs of a cyst wall (pl. 1m). Such parasites are common in | 
liver smears, but rare in the circulating blood. No evidence 6 
sexual differentiation of the trophozoites has been observed, unless 
the forms just described be regarded as sexually different from the 
usual type. It seems more probable that these large parasites are 
very young schizonts, which occasionally escape from the liver after 
partial development, into the blood stream. / 


NONSEXUAL MULTIPLICATION OF H. PERNICIOSUM IN THE RAT; 


It has already been mentioned that the trophozoites found in th 
large lymphocytes are practically uniform in size and appearance 
No form is seen which may be construed as young or partly developed 
The explanation of this lies in the fact that multiplication and devel 
opment into mature parasites takes place in the cells of a single organ, 
the liver. At an early stage of infection, when parasites are numerous 
in the blood, a section of the liver shows many parasites in various 
stages of schizogony. Similar forms have been found in no other 
organ, although carefully sought for. The trophozoites are especially 
abundant in the spleen, kidney, and brain, but there is no evident 
of multiplication in these organs. 

In the capillaries of the liver are many large lymphocytes conta 
ing encysted parasites similar to those encountered in the peripher 
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irculation. In addition, there are parasites whose contour blends 
vith the protoplasm of the leucocyte and appears to be unprovided 
ith a cyst (pl. 11). Free parasites, some of which are large and 
oval in shape (pl. 11), are also abundant. 

The multiplication of the parasite takes place in a liver cell. The 
earliest stage is a small spherical form. 10 micra in diameter, with a 
large vesicular nucleus composed of chromatin granules in a fine 
mesh work, and a large karyosome. It is embedded in the protoplasm 
of the liver cell, the nucleus of the latter being pushed to one side. 
The cavity formed in the liver cell is fully occupied by the parasite. 
As development proceeds the parasite increases in size and the nucleus 
divides into two. This stage is known as schizogony and the para- 
site becomes a schizont. Many small, round granules are found in 
the latter when viewed in the fresh condition. The two nuclei 
divide and subdivide until from 12 to 20 daughter nuclei are formed. 
The schizont increases in size and the liver cell becomes a mere shell, 
the nucleus of which, after undergoing the changes characteristic of 
degeneration, finally disappears. A delicate cyst wall is formed 
around the developing schizont, which, at maturity, is ovoid and 
measures, on the average, 25 by 30 micra. Some, however, are larger 
and may measure 28 by 35 micra. 

The nuclei of the schizont are arranged at the two extremities, as 
shown in longitudinal sections (pl. mr). In fresh cysts studied at 
this stage the central mass of protoplasm is granular, with a clear 
area at the ends. At a later stage short rods of clear protoplasm, 
each containing a nucleus, are seen at the poles. These rods 
increase in length, the proximal extremities growing toward one 
another; the central granular mass diminishes in size. Eventually 
the clear rod-shaped bodies have become fully grown merozoites and 
occupy the entire cyst except for a small granular ‘“‘rest’’ body. 
When the merozoites are fully grown, the cyst containing them 
becomes soft and gelatinous; later it ruptures and the merozoites 
escape, becoming free moving vermicules. The number of mero- 
zoites is from 12 to 20; the average 16. 

In scrapings made from the cut surface of a liver in which the 
schizonts and cysts are numerous, their structure and the ease with 
which they are ruptured is readily determined. In sections from 
tissue, fixed and embedded in the usual method, the contents of the 
cyst shrink to a greater degree than the liver tissue and artificial 
spaces are formed around the schizonts (pl. m1, fig. 1). 

In heavily infected livers the number of cysts is very large. Their 
presence is associated with extensive fatty changes in the liver 
parenchyma. When a small piece of fresh liver tissue is spread 
out thinly between slide and cover slip and examined with the micro- 
scope on a warm stage, the contents of the ripe cysts are seen to be in 
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motion. The merozoites move slowly about, gliding over one another, 
like a mass of worms. Often such a cyst is seen to rupture and the 
merozoites escape. In this event they move about as free vermi- 
cules, bending and twisting and gliding about exactly as will be 
Aesembed later in the case at corenigniies formed from sporozoites, 
from which they can not be distinguished. Some of these vermicules 
enter the liver capillaries and later the circulating blood; others enter 
fresh liver cells and repeat the process of multiplication. 4 

In stained smears made from the liver the various stages in the 
transformation of the free vermicule into the encysted trophozoite 
are readily traced (pl. 11). In the former the nucleus is composed of — 
large chromatin granules and the parasite is slender and elongated. 
It then becomes contracted in length and oval in shape; still later the ~ 
nucleus is disposed in the ieroebenie ae parallel skein arrangement, 
and finally a cyst develops, the parasite being engulfed by a large 
mononuclear lymphocyte. No evidence of sexual dimorphism of — 
the schizonts has been noted. The merozoites, when released from 
the cysts, are fully developed and do not subsequently increase in~ 
size in the blood. The large mononuclear leucocytes are found in | 
in unusual numbers in the liver, in the sinuses of the lymphatic — 
glands, the thymus, spleen, and bone marrow. 

There seems to be little doubt that the vermicules, which are taken 
in by leucocytes in the liver and elsewhere and become encapsulated — 
trophozoites, undergo no further development in the rat. Those ver-— 
micules which escape the phagocytic action of these cells and enter 
other liver cells repeat the process of schizogony. The majority per- 
haps are carried into the peripheral circulation in the leucocytes. 

The liver cysts and merozoites are almost exactly duplicated in size— 
and appearance by the sporocysts and sporozoites in the body of the 
intermediate host, to be described later. Encysted trophozoites are 
especially abundant in the spleen, lungs, kidneys, and brain, in the 
blood vessels, and lymph spaces. 


CLINICAL SYMPTOMS IN WHITE RATS. 


. 


When the infection is slight, the rat often presents no evidence of 
disease. For a month or so the blood may show only a few para- 
sites encysted in the leucocytes. This type of the disease is more 
common in old rats. | 

Frequently the disease begins gradually, with a few parasites in the 
blood. With the gradual increase in the amount of infection the 
animal becomes more and more anemic. It may continue in this 
state for two or three weeks and then gradually recover, or death 
may occur. Other animals, especially those experimentally infected, 
may die three or four days after the appearance of parasites in the 
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blood; anemia rapidly becomes marked and the number of leucocytes 
and parasites is very great. Occasionally many free vermicules are 

— observed shortly before death. 

_ Inrats with heavy infection there is marked apathy, little food is 

taken, and the animal sleeps constantly, with the head tucked under 

the thorax. 

The anemia is most striking. The ears and skin, as well as the 
mucous membranes, become pearly white. When blood is drawn. 
from the tail it is thin and watery, and it is very difficult to make a 
smooth smear. When death occurs after a long period there is great 
emaciation. The temperature may rise as high as 38.6° C. 

Shortly before death there is often diarrhea, with an occasional ad- 
mixture of blood, and the temperature is subnormal. In one animal 
hemoglobinuria was observed. 

Lethality.— Of the 17 rats originally found infected, 4 died. How- 
ever, 4 which showed severe infection were chloroformed to provide 
material for inoculation and fresh tissue for sectioning. Of 16 rats 
infected experimentally, 8 died—a lethality of 50 per cent. Young 
rats appear to be most susceptible and the majority of the fatal infec- 
tions were in animals not fully grown. In half-grown rats the disease 
is almost invariably fatal in a few days after the onset of symptoms. 


PATHOLOGICAL ANATOMY. 


The gross lesions are most marked in animals which succumb to 
infection. In chronic infections the animals are much emaciated. 
The muscles and mucous membranes are extremely pale. The 
heart’s blood is thin and watery. The lungs frequently show minute 
hemorrhages upon the surface. The spleen is greatly enlarged and 
dark in color; it may be five or six times the normal size, and fre- 
quently reaches from the diaphragm diagonally across to the right 
side of the brim of the pelvis. The small intestine occasionally con- 

tains thin fluid blood. The mesenteric glands are enlarged, some- 
times hemorrhagic. The liver is distinctly enlarged, dull yellow in 
color, sometimes mottled, and the thin borders are rounded. Smears 
and frozen sections show extensive fatty changes. The kidneys show 
moderate parenchymatous degeneration. The urine rarely contains 
hemoglobin; more often bile pigment. The bone marrow is red. 


THE ARTHROPODA AS AGENTS IN THE TRANSMISSION OF DISEASE. 


The sexual cycle of Hepatozoon perniciosum takes place in a parasitic 
mite (an acarien), Lelaps echidninus Berlese. Mr. Nathan Banks, of 
the United States Department of Agriculture, has kindly made the 
determination. From a careful search of the literature it appears 
that this is the first recorded instance in which a member of the 
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family Gamasid@ has acted as the intermediate Beet for a protozo ) 
parasite. y | 

So far as accurate knowledge extends, when a parasitic protozoo 
requires two hosts for the completion of its life cycle one of these host 
will be found to belong to the phylum Arthropoda. An apparei 
exception exists in Hzemogregarina stepanovi in the turtle (Hm 
orbicularis), the invertebrate host of which is a leech (Placobdell 
catenigera).% 

Of the five subdivisions or classes into which the phylum is divided 
two—the Insecta and the Arachnida—include the species which act as 
intermediate hosts. 

Of the insects which serve as parasitic hosts and agents of trans 
mission for pathogenic protozoa the mosquito is the best known, and 
the malarial parasite the only form which has been accurately worked 
out in all stages. | 

The life cycle of malaria in birds (Proteosoma grass) is almost 2 
well worked out as malaria in man. Quite recently Christophers ha: 
described the complete sexual cycle of Piroplasma canis in the dog 
tick, R. sanguineus. 

Of insects, a number, including biting flies, lice, bedbugs, and fleas, 
are known to be concerned in the transmission of blood parasites 
Some of these have been proved to be the agents of transmission, bu 
whether as true intermediate hosts or merely carriers is as yet. unde. 
termined, in many instances, the sexual cycle being unknown. 

In the class Arachnida the ticks have constituted, up to the present 
time, the only group capable of transmitting protozoan disease. The 
number of known tick-borne diseases is increasing and they are o 
ereat importance. In an epoch-marking work upon Texas cattl 
fever Smith and Kilborne,® in 1893, were the first to show the par 
played by the Arthropoda (in this instance ticks) in conveying dis: 
ease. Various forms of piroplasmosis, relapsing fever, Rocky Moun- 
tain spotted fever, and Leuwcocytozoon canis have been shown to b 
transmissible by ticks. 

Until quite recently it was believed that ticks transmit infectiot 
only through their progeny; 1. e., only ticks derived from the egg 
of infected mothers have power to inoculate susceptible animals 
Recently it has been shown that infection with certain kinds o 
piroplasma is taken during the nymphal stage, but is transmitted only 
by the adult tick. 


a Bae 9, ref. 9, . 
b Smith, Th., & Kilborne: Texas fever. Bull. No. 1, Bur. Animal Indus., U.8 
Dept. Agric., Wash., 1893. 
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PARASITIC MITES. 


Since but little is generally known of the nature and structure of 

mites, a brief account of their habits and a detailed description of the 

anatomy of the mite (Lelaps echidninus) which is concerned in the 
transmission of /7. perniciosum is given below. 

The Acarina, an important group of the Arachnida, comprise the 
mites and ticks, the former being greatly in the majority as regards 
number of species. The term “mites” is often applied to the entire 
group of Acarina. In addition to their arachnid characteristics (the 
absence of antenne and the possession of four pairs of legs) the 
Acarina are distinguished by the absence of a division into thorax 
and abdomen, and by the arrangement and structure of the mouth 
parts, which are adapted for puncturing and sucking. The larva 
resembles the parent except in the possession of three pairs of legs 
and the absence of sexual organs. After casting the skin two or more 
times (ecdysis) the adult stage, with four pairs of legs and fully formed 
sexual organs, is attained. 

Canestrini’s® classification, from a scheme devised by Kraemer, 
divides the Acarina into six subheads: 

Astigmata (Sarcoptic and vermiform mites). 
Hydracarina (Water mites). 

Prostigmata (Harvest mites). 
Cryptostigmata (Orbatid mites). 
Metastigmata (Ticks). 

Mesostigmata (Gamasid mites). 

A number of classifications varying in slight degree have been 
based upon this original. The following classification of the Acarina 

is from Neumann:? 


hee smwith iv era rbiClese-. «sac. cases can ca's tee oes oni <i Oribatidz. 
Legs inserted directly Provided with 
into the integument With tra-) hooklets....... Ixodide. 
without epimere. ... chee. Che-)Didactylous' or 
Nonver- Legs with six articles; licere..... SEYIMOrM - 2 2: Gamaside2. 
miform With no trachee (marine 
~ Acarina TOPIMTGE Sythe shee sae settee Halacaride. 
Natavomallers: (Agate yas ana. 2 bs seh cecal sees Hydrachnide. 
Chelicerze styliform; palps 
free, antenniform..........-. Bdellidz. 
Legs articulated on dis- Cheliceree styliform or in 
tinct epimere....... Ambulatory legs....} claws; palps free, ravishers..Trombididz. 


Chelicere didactylous; palps 
eylindrical or conical and 
partially adherent to the 


US See ete ee ioe See weer as Sarcoptide. 
Vermi-\regs with fi icl Phytoptid 
for Repel SVG ATCICIOS: oe 8 oh een ee ise enn ene eeeeenssenens ytoptide. 
Acarina SRD eH MnOCHa TE IGLOS. sara. cae toe alee were maldwiees Shee oe sab eacetedateenes Demodecidz. 


Of these ten families only five are parasitic—the Lrodidzx (s. |.), 
Gamaside, Trombidide, Sarcoptidex, and Demodecide. Many of these 
are commensals, obtaining nutriment from the organic detritus, 


@ Canestrini, S.: Prospetto dell’ acarofauna Italiana., Padova, 1885-1897. 
6 Neumann, L. G.: Traite des maladies parasitaires non microbiennes des animaux 
‘domestiques. Transl. by Fleming. Ed. by J. McQueen. 2d ed. New York, 1906. 
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epithelial scales, hair, feathers, etc., of the host. The last two f 
lies are chiefly of interest to the veterinarian as producing y 
forms of mange. Only two families are blood-sucking, the J 
(s. 1.) and the Gamasidx. The réle of the former (ticks) in the t 
mission of disease has already been mentioned. A few species ¢ 
Trombididx are known to attack man; a larval form (Leptus aut 
nalis, L. americanus) is the well-known ‘‘red bug”’ or ‘ ‘chigger,”” 
known as the “harvest mite’? in England and the ‘ béte-rouge 
South American countries. In Japan the Tsutsugamushi diseas 
Kedani disease, frequently fatal, is due to the bite of the “akan us 
or ‘“‘red mite.’ This disease has recently attrested consider 
attention; the etiology is unknown. a 

Aanene the Gamaside the ‘‘chicken mite” or “red spider leq 
frequently bites those who visit houses in which fowls are a 
Gamaside form a larger and more widely distributed family than. 
Trodidz (s.1.), but by reason of their small size and apparent harml 
ness they have been but little considered. A number of species ] 
on decomposing vegetable and animal matter, others act as e 
mensals upon beetles, reptiles, birds, and small mammals. Gam 
dx, which are true bloodsuckers, are found upon lizards and sna 
(Ophionyssus natricis Megnin); upon vipers and water adders t 
attack the cornea, rendering it opaque, the reptiles becoming blinc 
consequence and dying of starvation. Dermanyssus gallinz i 
great pest to poultry and horses and even attacks man, withdraw 
blood through the punctures made by its pointed mandibles. 
number of species infest sparrows, canary birds, and parrots. 
great number of small mammals are affected, including rats, fi 
mice, moles, rabbits, etc. Upon bats a very large species (Pten | 
TE popularly believed to be a bedbug, is found. 
number of species of Gamasidzx. is legion, and doubtless when m 
attention is paid to this family many Were will be discovered. 


THE GAMASID-. 


The following brief description of the structure and habits of 
Gamaside is taken in part from Banks.@ 

In general the Gamaside are broad and flat, with a chitin 
integument. Eyes are absent, but numerous sensory “hairs” 
various parts of the body rake up for this deficiency. Many for 
are rapid in movement when disturbed. The mouth parts in m 
species can be withdrawn into the body. The head or capitel 
can also be considerably retracted. The mandibles, two in num 
are usually chelate, with toothed ingers. In some mites they 


a Banks, N.: A treatise on the acarina or mites. Proc. U. S. Nat. Mus., vol. 20, 
pp. 1-114, 1904. | 
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styliform. In the male the mandibles usually present. specific 

differences. 

, Beneath the mandibles is a projection called the hypostome. 

- Sometimes an epistome is present above the mandibles. Projecting 

from either side of the head or capitellum are the palpi, which are 
provided with sensory organs. 

The inferior surface of the Gamasidex is provided with a varying 

number of chitinous shields or plastrons, upon which are located the 
genital apertures. The legs are six jointed, being divided into coxa, 
trochanter, femur, patella, tibia, and the terminal tarsus, provided 
with hooks or sucking disks. The female genital opening is usually 
between the sternal and genital plate. In the male it is in the 
sternal plate. ; 

The act of coition is very remarkable and has been described in 
detail by Michael.” Briefly, it consists in the deposition by the male 
of a mass of spermatozoa (often contained in a delicate cyst) into the 
‘spermatheca, a sac connected with the uterus in the female. The 
spermatozoa upon liberation fertilize, from time to time, the ova as they 
becomeripened. Gamasidz lay comparatively large eggs, from which, 
with a few notable exceptions, six-legged larvee are hatched. In the 
genus Lelaps the eggs, when deposited, are fully one-eighth the size of 
the female. One egg only is deposited at a time. It contains a fully 
formed embryo with six legs and fully developed nervous and diges- 
tive system. Very soon after expulsion from the female the delicate 
membrane or shell which incloses the embryo is ruptured and a six- 
legged larva appears. After several moultings of the skin the adult 
is formed. The immature mites are termed nymphs and, according 
to the number of moults gone through, protonymphs, deutonymphs, 
tritonymphs, etc. In the nymphal stage many of the Gamasidz are 
migratory. Often they attach themselves to beetles, mosquitoes, 

and other insects, it is believed for the purpose of distribution. 


LIFE. HISTORY. OF LELAPS ECHIDNINUS. 


The species of Lelaps (L. echidninus Berlese) found upon white rats 
is a true parasite and sucks the blood of the animal. Its habits differ 
greatly from those of ticks in that its depredations are constantly 
repeated and only a small amount of blood is taken at each feeding, 
‘The mite is but slightly distensible, hence its capacity is limited. 
The following biological observations have been made in connection 
with the studies on Hepatozoon perniciosum: 

When rats are kept in a cage of some size, in which there is an 
abundance of straw, the mites appear to feed almost exclusively at 
night and during the day they leave the host and live in the damp 


“Michael, A. D.: British Tyroglyphidx. Ray. Soc. I, 1901, 291 pp.; II, 1903, 183 pp. 
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straw where the eggs are deposited. Hence when a number of r 
are in the same cage the mites may visit a different animal each nigl 
It is an easy matter to cause the mites to get upon the rats in t 
daytime by stirring the straw about in the cage and making the r 

move about. In small cages, such as the glass jars used in the lal 
ratory for holding single Poa the mites behave differently, es} 
cially if sand or sawdust is placed in the bottom. The rat movi 
about frequently in the narrow cage keeps the mites constaz 
disturbed, and they remain upon their host all the time and may 
found in large numbers upon the back of the animal near the root. 
the tail. The female mite after feeding leaves the rat to deposit } 
eges, which are laid one at a time, in damp straw. Each egg cc 
tains a well developed embryo. After hatching, the six-legged lam 
in a few hours moults and becomes a nymph with eight legs. TI] 
nymphs, though active, are seldom found upon rats and do not appe: 
to suck blood. The nymphs after two moultings become adult. TI 
young adult females (at first colorless) seek the host, and draw blos 
from small wounds made by the maxille or mandipies When full 
grown they are larger and brown in color. The males do not suc 
blood, but feed upon animal or vegetable detritus. They are few i 
number upon rats. The average length of life of the female mite 
about six weeks. During this period a number of feedings of rat 
blood are necessary to provide material for the development of t 
embryos. 


EXTERNAL ANATOMY OF LELAPS ECHIDNINUS. 


TECHNIQUE.—In view of the small size of the mite nearly all # 
details of structure of the exo-skeleton may be determined by exa 
ination with low powers of the microscope after a few minutes imme 
sion of the live mite in alcohol. 

For brief study the specimens may be mounted in water on a r 
with a cover glass. For examination with higher magnifying powe 
mites must be macerated in caustic potash to render them m« 
transparent. The details of the mouth parts may often be studied 
live specimens to advantage, the capitellum being then more market 
protruded. 

GENERAL BODY CONSTRUCTION.—The head region or capitell 
(pl. rv) is distinctly separated from the thorax and contains the mot 
parts and certain appendages. The fused thorax and abdomen % 
covered dorsally by the scutum, a single chitinous plate. On t 
inferior or ventral surface are three chitinous plates—sternal, gem 
and anal. The sternal plate serves as a point of attachment for | 
legs. The latter are eight in number (four pairs) and are compos 
of six articles, terminating in two hooklets and a sucking disk. 
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é The capitellum is provided with paired sharply pointed mazillz, 
and it incases for a portion of their length the paired mandibles, whic h 
are provided with didactylous pinchers in the female. In tie male 
they are modified to form “clasping” organs. The maxillary palps 
are attached, one on either side, to the lateral aspect of the capitellum. 
They serve as sense organs, eyes being absent, and are composed of 
five articles. Two stigmata are present, with a prolongation forward 
of a tubular peritreme. The anus is located in an anal plate, the 
anterior margin of which is convex and the posterior prolonged into 
a large spine. In the female the sexual aperture is located in the 
mid-line of the body in the genital plate, near the posterior border 
of the sternal plate. In the male the genital pore is in the center of 
the sternal plate. The body of the adult female measures from 1.1 
to 0.9 mm. in length by 0.7 to 0.6 mm. in breadth. The male is 
two-thirds the size of the female. 


INTERNAL ANATOMY OF LELAPS ECHIDNINUS. 


TECHNIQUE.—The difficulty of dissecting so small an object as this 
mite, especially as it is covered with hard chitinous plates, is very 
considerable. With the aid of fine needles, teased preparations can 
be made, a small per cent of which will be fairly successful. In the 
main, serial paraffin sections must be relied upon. The fixatives 
used were 5 per cent formalin, 80 per cent alcohol containing 5 per 
eent of formalin, and alcohol in various strengths. In addition, 
a fixative composed of 3 parts chloroform, 2 parts glacial acetic acid, 
1 part saturated solution of bichloride of mercury, and 6 parts abso- 
lute aleohol was employed. In some instances soaking in a solution 
of 2 per cent celloidin preceded the embedding in paraffin. 

Some satisfactory sections parallel to the ventral surface were 
made without softening the chitin, since none is encountered by the 
knife. For other sections in which the chitinous plates are to be cut, 
the mites, previously exposed to the action of fixatives, must be treated 
with a softening solution. For this purpose Labaraques solution 
in varying dilutions was employed. The length of time of its action 
depends upon the strength of the reagent and can only be determined 
by trial. It was found preferable to merely soften the chitin rather 
than to completely remove it. In the latter event, air bubbles form 
in the body cavity, which greatly interfere with subsequent dehy- 
dration and embedding. 

The sections, affixed to slides with Mayer’s albumin fixative, 
were stained with Weigert’s iron hematoxylin. 

_ ANATOMY OF THE HEAD REGION.—The capitellum is prolonged ante- 
riorly to form the mouth parts. The dorsal anterior border forms a 
Serrated projection, the epistome. The mandibles, which are double 
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jointed and provided with muscles, terminate in pinchers with 
rated jaws in the female. In the capitellum they he in chit 
sheaths and are prolonged posteriorly, to be attached by tendit 
expansions to the under surface of the scutum. Muscles atte 
to the same point serve to retract or protrude the mandibles. 

The ventral aspect of the capitellum terminates in a bifid hy 
stome or maxille (pl. v1). The maxille are situated, one on eitl 
side of the mouth opening and form part of its lateral bounda 
They are acutely pointed and serve as piercing organs. Between a 
dorsad of the maxille is a single elongated organ, the lingula 
tongue (pl. v1), which presents a median groove. Its surface 
covered with minute papille. The outline of the mouth openi 
is somewhat triangular, the borders being formed by fringed me 
branous folds. 

THE PHARYNX.—The phar ynx is situated just posterior to the mou 
in which it terminates. It lies almost entirely in the capitellu 
forming acanal in the lower portion. It is T shaped (pl. vu, fig. 2) 
cross section and its walls are connected by a series of transverse mu 
cular bands with the chitinous covering of the capitellum. The 
muscles serve to pull apart the walls of the pharynx and prodt 
suction. Interspersed with the transverse muscles are a series 
circular muscular bundles (pl. vu, fig. 1) capable of constricting t 
pharynx. 

THE ESOPHAGUS.—Posteriorly the pharynx terminates in a slen 
tube, the esophagus (pl. vir, fig. 1). This in turn communicates w 
the ventriculus or stomach. Surrounding the esophagus is a la 
ganglion or brain. 

The ventriculus is a thin-walled sac consisting of a central and t 
lateral portions (pl. vim, fig. 2). The former communicates anterio 
- and inferiorly with the esophagus. The diverticula are prolong 
anteriorly and posteriorly and communicate with the lateral aspect 
the ventriculus. The wide central portion (pl. vu, fig. 1) exter 
from the brain to the middle third of the thorax, resting upon t 
inner skeletal plate. Regarding each lateral diverticulum as t 
projections (anterior and posterior) from the ventriculus, there are 
addition two others, viz, the median anterior projection to join” 
esophagus and a posterior projection terminating in the colon, whi 
in turn, empties into the excretory bladder. When the uterus ¢ 
tains a large embryo the ventriculus is somewhat distorted @ 
displaced. 

The ventriculus and its lateral prolongations are lined with a sin 
irregular layer of large epithelial cells with faintly staining reticu 
and vacuolated protoplasm and inconspicuous nuclei. The cells t 
upon a delicate basement membrane. Encircling the digestive tr 
are a series of minute parallel muscular fibers, each one isolated ¢ 
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ith a single nucleus. These fibers serve to constrict the ventriculus 
nd its diverticula, and in young live mites with transparent scutum 
ie waves of contraction, beginning anteriorly and sweeping backward, 
e easily discerned. Adherent to the lining layer in some places, but 
t en free in the lumen of the ventriculus, are large spherical cells, 
metimes called ‘‘liver’’ cells. They possess very small faintly 
aining nuclei, excentrically located, and are phagocytic in nature, 
ften containing cell inclusions of various kinds, vacuoles, and yellow 
igment. According to Berlese* they secrete a digestive ferment 
nd play an important part in the digestive process. That portion 
fthe body not taken up by the digestive and other organs is occupied 
y muscles which move the legs and mandibles and by fat cells. 

The colon, a short, thin-walled tube, terminates in an excretory 
adder, which communicates with the anus. Opening into the 
teral aspect of the excretory bladder are paired tubes—the mal- 
higian vessels—which run forward parallel beneath the ventriculus 
most to the capitellum, to end blindly. They serve as excretory 
rgans, and often contain small dumb-bell shaped crystals of mineral 
lt. 

The salivary glands are paired structures in the body cavity, situated 
eneath the anterior extremity of the scutum (pl. vu, fig. 1). Each 
and is pyramidal shaped and composed of several acini, which are 
rmed of large cells of coarse granular structure, with small, indis- 
netly defined, deeply staining nuclei. The apex, which is below, 
rminates in a minute duct which empties into the posterior part of 
1e pharynx. Each acinus contains a central cavity, which varies in 
ze according to the activity of the gland. Small accessory glands 
re sometimes observed. 

SEXUAL ORGANS.—The ovary is an irregularly shaped, oval body 
tuated in the posterior portion of the body. It is composed of a 
ticular framework, in which are many young ova and small cells 
hich form the stroma. Projecting from its anterior and lateral 
spects are ova in various stages of development. Three or four ova 
. advanced stages of development, one of which is fully ripened, may 
sually be observed. 

In adult females the uterus, a thin-walled sac lying in front of the 
vary, usually contains an embryo which may show Saiiplese develop- 
ent. The ripe ovum is fertilized in the uterus, which communicates 
y anarrow vagina with the genital aperture. The latter is covered 
y finger-like sensory organs (pl. rv, fig. 2). Attached to the top of 
1¢ ovary’ are peculiar tubular structures—the lyrate organs—to 
hich are connected a pear-shaped sac (sacculus Semunes) contain- 


4Berlese, A.: Ricerche sugli organi e sulla funzione della digestione pois acarl. 
iv. di Pat. Veg., Terenzi; vol. 5 (5-8), 1896, pp. 129-195. 
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ing spermatozoa. The lyrate organs pass on either side of 
uterus to terminate upon the inner aspect of the acetabula of # 
coxe of the third pair of legs. 

Since only the female mite is directly concerned in the transmissio 
of Hepatozoon perniciosum, the anatomy of the male sexual orga 
will be only briefly considered. The testis is a single oval body sit 
ated posteriorly between the ventriculus and the excretory bladde 
The paired vasa deferentia pass downward from each lateral aspect 
then forward near the ventral surface, to terminate in the single ger 
ital opening in the center of the sternal plate. The spermatoza ar 
large, round or elongated, granular structures, and are usually found — 
in the sacculus feemineus in the female. ries thev are stored 1 ati ; 
the ova, becoming ripened one at a time, are fertilized. 

TRACHEAL SYSTEM.—The stigmata are placed on the lateral — ect 
of the body, between the third and the fourth pair of legs. A tubul 
Seen forward, the peritreme or stigmal canal (pl. tv, fal 
divides into the main tracheal tubes, which ramify throughenell 
body, some terminating in the legs. The tracheal system is absent it 
the Ped | 

The following articles may be consulted for a more detailed account 
of the structure of the Gamaside: 

Winkler, W.: Anatomie der Gamasiden. Arb. a. d. Zoolog. Inst., Wien, vol. ‘ 
part 3, 1888, pp. 1-38. 

Berlese, A.: Recherche sugli organi e sulla funzione della digestione nell acari 
Riv. di Pat. Veg., Firenzi, vol. 5 (5-8), 1896, pp. 129-195. 

Michael, A. D.: On the variations in the internal anatomy of the Gamasidx, especially 
in that of the genital organs, and on their mode of coition. Trans. Linnean Soe. 0 
Lond., 1892. 

Mégnin: Memoire sur l’organization et la distribution zoologique des acariens de |]; 
famille des Gamasides. Journ. d. l’Anat. et de la Physiol., 1876. 


Kramer, P.: Ueber Gamasiden. Arch. f. Naturg., vol. 1, 1882. 
Michael, A. D.: British Tyroglyphide. Ray. Soc., I, 1901, 291 pp.; II, 1903, 183 pp 


SEXUAL CYCLE OF HEPATOZOON PERNICIOSUM IN THE Miia 


Mites removed from rats (in whose blood parasites were abundant) 
were found, in the majority of cases, to be infected with 7. perniciosum 
Such mites, having fed upon the vats blood from time to time, usuall) 
showed the parasites in several stages of development. Cross sec 
tions of mites pictured in pls. 1x and x show this condition. 
quently, when many fully developed parasites were present, youn 
forms also were observed in the stomach, indicating a fresh infectio: 
with each feeding of blood. Mites which were heavily infected wit 
fully developed parasites could often be distinguished by the nakec 
eye from normal mites. In the former the lateral and caudal portion 
of the body is distended and pearly white, whereas in the latter this 
part is dull brown in color. 


31 


In order to determine the length of time required for the various 
stages of development of the parasite, as well as to study them in 
detail, a number of mites were artificially infected, or, more properly, 
the usual manner of infection was controlled. Bot this purpose it 
was necessary to have a supply of normal mites. Fortunately these 
could be readily obtained. The stable in which the infected rats had 
been kept contained a large room in which were a number of rat 
cages. In two corners large single isolated cages had been built. 
One of these contained infected rats; the other had been emptied of 
rats about two weeks. Upon examination both were found to contain 
damp straw and grain, upon which were myriads of mites. In the 
empty cage the mites were found to be free of infection. Six healthy 
rats, fresh from the dealer, were placed in this cage. In a very short 
time each rat was infested with a large number of mites. 

To remove the mites, which run about with considerable rapidity 
upon the hair and skin, the rats are seized by the loose skin at the 
nape of the neck with the tip of a pair of long clamps. The tail of 
the animal is grasped with one hand and by traction the body is 
extended along the blades of the forceps. In this position it is easy 
to remove the mites with a fine-toothed comb, from which they are 
quickly shaken by a tap of the finger into a large glass jar. The 
inside of the rim of the jar should be previously smeared with a ring 
of vaseline, which the mites will not traverse. In this manner it is 
possible in a short time to collect several hundred. 

The mites are kept in the jar several days to starve them and then 
placed upon infected rats. For this purpose four rats were selected 
in whose blood the parasites were very numerous. To transfer the 
mites to a rat it is only necessary to place the latter in the jar for a 
few minutes. In a short time all the mites will have crawled upon 
the rat and concealed themselves in the fur. 

After six, twelve, eighteen, twenty-four, thirty-six, and forty- 
eight hours, mites were removed and examined in fresh preparations 
and stained smears, and a number preserved in fixing solutions. 
From these parafin serial sections were made. After forty-eight 
hours a large number of mites were removed and placed upon 
healthy rats in order that the parasites then present in the mites 
might develop without admixtures of younger stages, which would 
have been the result of continued feeding upon the diseased rats. 
At intervals of twenty-four hours a number of these mites were 
removed and examined and sections made. Successive collections 
of mites were fed upon infected rats in order to obtain a large num- 
ber of infected mites for later experiments. 

Tn order to study the effect of the digestive juices of the mite upon 
encysted parasites in the rat’s blood, the following experiment was 
performed a number of times. The various stages of the process 
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could be conveniently followed with the microscope for an how ir 
more. | 

Blood from a rat containing numerous parasites em d 
lymphocytes was mixed with the expressed body juices of 
placed upon a slide, and examined with the microscope. I 
course of ten to thirty minutes the protoplasm of the lympho 0c} 
was partly dissolved and the parasites were set free. 

The encysted parasites, after becoming free from the level , 
are slender, elongated bodies, rounded at the extremities. They 
show no movement or change of form. After thirty minutes a 
longer the delicate cyst wall surrounding them is ruptured and the 
parasite becomes an actively motile vermicule. The remains of the 
cyst, as a transparent shadow, often continues to be attached to the 
vermicule for some time. : 

The same changes may be observed when a mite that has just fed 
upon blood is crushed and the expressed fluid examined. o 

When mites starved for forty-eight hours or longer are examin ed 
six hours after being placed upon heavily infected rats, numerous fr 
vermicules are found in the stomach and its diverticula When the 
mites are crushed under a cover slip in a drop of 0.3 per cent salt 
solution, the vermicules and a considerable number of polymorpho- 
nuclear leucocytes are observed. Other kinds of leucocytes app i“ 
to be quickly destroyed. Not infrequently the remains of the delicate 
cyst which inclosed the parasite is seen attached to some por on 
of the vermicule. In form and appearance the vermicules do not 
differ from those developed from the sporozoites. The movements, 
however, although fairly active at first, become quite sluggish, a 
in mites examined eighteen hours ae feeding, motile forms a 
seldom seen. 

The red blood cells disappear very quickly after the ingestion of 
the blood, but hematin crystals, polymorphonuclear leucocytes, a and 
free parasites are abundant. The polymorphonuclears are especially 

resistant and appear to remain unchanged after a number of hours in 
the digestive tract of the acariens. The parasites become detachec 
from the lymphocytes when these are digested. In mites examined 
twenty-four hours after feeding, the digestive fluid contains single and 
paired vermicules in which RR ESS has ceased. 

The form and arrangement of the paired vermicules is peculiar and 
characteristic. In the earliest stages they are somewhat spindle 
shaped and two extremities are in apposition (pl. xu, fig. 1). This 
constitutes the earliest phase of conjugation or sexual union. A little 
later the vermicules are placed side by side and parallel, the extrem: 
itieseven. Jn appearance they are exactly similar, and hence without 
distinguishing sexual characters, In slightly later stages the adjoining 
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sides are quite straight and parallel and separated by a slight interval 
(pl. xin, fig. 2), although apparently attached in some manner, since 
their relative position is unchanged by movement of the fluid con- 
taining them. Next the two become more rounded and _ increase 
slightly in size. The nuclei are large and vesicular and the dividing 
line still persists (pl. x1, fig. 3). Later one vermicule grows longer 
and larger and begins to partly encircle the smaller, which becomes 
more rounded (figs. 4-7). They may now be properly regarded as 
gametes. By analogy the smaller and more finely granular is the 
microgamete, the larger and more coarsely granular the macrogamete. 
Eventually the line of demarcation between them disappears. The 
zygote thus formed by fusion of the male and female elements, is 
slightly elongated, tapered at one extremity, with granular proto- 
plasm and two large vesicular nuclei. The latter approach one 
another, touch, and become blended. After the union of two sexual 
elements in the manner described the zygote becomes more elongated 
(figs. 11-13) and exhibits very slow movements of flexion and exten- 
sion and something resembling ameboid motion. The term ookinet 
is applied to such a zygote. 

The cokinet continues to increase in size and becomes more and 
more markedly granular, especially around the nucleus, which con- 
tains a small karycsome. When first formed the ookinet measures 
about 10 by 25 micra. It does not appear to detach any of its sub- 
stance nor does it contain pigment. From this point development 
is rapid. The ookinet becomes an elongated or oval body with 
granular protoplasm and a vesicular nucleus containing a moderate 
sized karyosome (fig. 13). The nuclear network is quite distinct in 
both fresh and stained preparations. In mites forty-eight hours 
after infection the ookinet has reached full size, which averages about 
25 by 50 micra. 

In sections of mites made at this period the ookinets are fairly 
numerous in the lumen of the gut and appear in many instances more 
or less curled up (pl. xm). A similar form is noted in fresh prepara- 
tions, as well as short spindle and ovoid shapes. They often appear 
somewhat flattened and occasionally verylong and slender. In mites, 
three and four days after feeding on infected rats, many of the 
ookinets have disappeared, having doubtless been passed out of the 
intestinal tract with the feces. A few, however, are adherent to the 
epithelium of the gut or embedded in the gut wall between the 
epithelial cells. The protoplasm is distinctly granular and stains 
much more deeply with iron hematoxylin than do the cells lining the 
digestive tract. The karyosome is prominent and deeply stained. 
Some parasites are spherical and lie directly upon the basement 
membrane, surrounded by epithelial cells. Others are seen outside 
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the stomach wall in the body tissues of the mite. They are granuls 
and deeply colored by basic stains. =. 

The exact manner in which the basement membrane is penetratec 
by the parasite is unknown. Probably the contraction of the delicat 
muscular envelope of the alimentary sac causes the parasite to b 
forced through the spot, weakened by its encroachment upon the base- 
ment membrane. At any rate the ookinets are found free in th 
body cavity. As shown in the description of the anatomy of the mite 
the body cavities represent the numerous small spaces between the 
various organs, and between these and the chitinous body envelope. 
In any of these spaces, in the investing membrane of the salivary 
glands, or within the sheaths of the muscles inclosed: in the body of 
the mite, the ookinets may be found. 

After thus wandering about in the body tissues the ookinets become 
stationary and undergo a remarkable change. Coincident with an 
increase in size of the plasma, in which large round granules begin to 
appear, the karyosome becomes greatly enlarged, exceeding in size the 
original nucleus. The nuclear membrane is but slightly larger than 
this giant karyosome, which may measure 10 micra in diameter, 
When the parasite has reached a diameter (in the fresh specimen) of 
about 60 to 75 micra, it becomes oval or spherical and a delicate cyst 
wall makes its appearance. This stage is observed in imites four and 
five days after infection. It is evident that the large karyosome is 
the forerunner of active multiplication of the nucleus of the encysted 
parasite, which is now termed a sporont (Lihe) and the cyst an oocyst. 

In sections of mites showing more advanced stages, the parasite 
often appears oval or flattened by reason of the restraining action 
of the various organs or tissues upon its growth. In fresh dissections 
of mites the speronts are conspicuous by reason of their size, spherical 
form, and granular structure (pl. xiv). The cyst wall is often very 
much larger than the parasite it contains, the latter appearing to float 
freely within it. The sporonts at this stage measure from 100 to 1 t 
micra in diameter. Upon reaching approximately this size the 
nucleus undergoes division into two. The division is repeated and 
the daughter nuclei migrate to a position near the surface of the pro- 
toplasm, which forms a perfect sphere (pl. xrv, figs. 1-2). Nucleat 
division continues until a large number of nuclei are formed, al 
located in a superficial layer of the protoplasmic mass. The oocyst 
reaches a maximum diameter of 200 to 250 micra, although usually 
somewhat smaller. 

In mites infected six or seven days previously the surface of th 
sporont is covered with budlike projections (pl. xrv, figs. 3-4), eg cl 
of which contains a nucleus. A little later the buds become mor 
prominent and elongated and break off from the central mass. 
large number (50 to 100 or more) of oval bodies are thus formed, eac 
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of which contain a nucleus. These bodies represent sporoblasts and 
measure about 10 by 15 micra. 

~ When obtained in the fresh condition, by gently teasing apart 
mites in 0.3 per cent salt solution the sporonts are perfectly spherical 
or ovoidal (pl. xrv), with a delicate cyst larger than the sporont. In 
the large budding forms (pl. xiv) the central granular part becomes 
softened and gradually liquefied, the stored-up material being utilized 
in the growth of the sporoblasts. Very slight pressure is sufficient to 
rupture the sporont, causing the escape of the fluid contents and the 
collapse of the superficial portion with the attached sporoblasts. In 
sections this collapsed condition always exists, and the flattened 
sporonts on cross section show usually two rows of sporoblasts with 
the attached ends adjoining, suggesting a fern leaf in appearance 
(pl. xvu, fig. 5; and pl. x1). 

The subsequent development of the sporoblasts is traced in various 
stagesin pl. xvit. The nucleus divides and subdivides, the daughter 
nuclei arranging themselves at the poles. A little later a cyst wall is 
formed around each sporoblast. 

The nuclei become the nuclei of the sporozoites, the protoplasm of 
which is split off from the central mass as short rods (pls. xvr and 
xyvuit), which increase in length and gradually envelop the dimin- 
ishing central ‘‘rest-body,” like fingers. With increasing growth of 
the sporozoites at the expense of the ‘‘‘rest-body,’”’ the latter is 
eventually reduced to a small, round, granular mass. The sporozo- 
ites fill the interior of the cyst, which measures on the average 25 by 
30 micra. They are arranged in two general groups, occupying the 
two halves of the cyst, as shown in pl. xvi, fig. 12-14, the adjoin- 
ing extremities of sporozoites interlocking. This arrangement does 
not always persist, however, since later they may be mixed up 
indiscriminately and retain merely a general direction corresponding 
to the long axis of the cyst. When the cysts are ruptured in salt solu- 
tion, the individual sporozoites appear as cresent or club-shaped 
bodies (pl. xvi, fig. 1-2). The nucleus, spherical in form, is located 
nearer the smaller extremity. The thicker and more rounded end, as 
will be seen later, is the anterior. The protoplasm is highly refractile. 
The measurements are 14 micra in average length, by 5 micra in 
greatest breadth, tapering to 2 micra at the narrow posterior 
extremity. 

The rest body persists as a round granular body about 6 micra in 
diameter. The fully developed cysts are found in mites from ten to 
twelve days after feeding. The number of sporozoites is from 12 to 
20 in each cyst; 16 is the average; occasionally as many as 24 are en- 
countered. The cysts which contain the larger number are elongated 
and often distinctly bent in the middle. In addition to these, small 
spherical cysts containing about 10 sporozoites are sometimes met 
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with. The sporozoites in such cysts do not appear to. differ fron 
those in the other cysts mentioned. 
When ruptured by pressure, the cysts split in the direction of great 
est length, the edges curling up. In sections of mites (pls. rx, x 
x1x) showing large oocysts containing sporoblasts or sporocysts tl 
outlines of the large cysts are somewhat irregular and not clearly out- 
lined. Also, the varying effect of the pressure of surrounding organs 
and the shrinkage and distortion in fixation and embedding cause the 
large cysts to assume a variety of forms other than spherical. 
The invasion of the salivary glands by the cysts is particularly 
interesting. In some specimens the gland on one or both sides has in 
part or entirely disappeared and been replaced by the parasites. 
The sporozoites have never been found free, however, in such see- 
tions nor in fresh preparations, but always inclosed in the sporocysts, 
The possibility of the transmission of the parasite through the salivary 
glands and their appendages will be considered later. 
In the study of the various stages which have just been described 
sections from a great number of mites and fresh preparations from 
hundreds of both normal and infected mites have been utilized. The e 
observations were repeated and verified many times. 
The presence of the parasites in moderate numbers does not appear 
to be injurious to the mites. Mites have frequently been observed, 
with fresh blood in the stomach and ripe sporocysts in the body tis: 
sues. However, those found dead have often been very heavily 
infected. ! 
EXPERIMENTAL INFECTION IN WHITE RATS. 


Although Christophers has described what he regarded as the sexual 
cycle of Leucocytozoon canis in a tick, he states in a recent volume 4 
that ‘‘the sexual cycle can not yet be said to be definitely known.” 
Certainly the experimental transmission of hemogregarines by 
arthropoda or by direct inoculation has not, so far as the literature 
records, been successfully accomplished. 

In the present work it was recognized that the conditions for experi 
mental attempts at transmission of /. perniciosum were extremely 
favorable, the principal host being, so to speak, a domesticated animal 
and therefore readily handled. The intermediate host—the mite 
could easily be obtained in large numbers and its action was suscepti 
ble of complete control. In fact, all the conditions of natural infe¢ 
tion could readily be reproduced artificially. 

As already stated, a large number of mites (several hundred 
were infected by being placed upon heavily infected rats for forty 
eight hours or longer and then transferred to healthy, rats for ten f 


a Btephena; J. W. W. &C hrisigohow, S. R.: The precio study of malaria. 3d e 
London, 1908, pp. 1-414, 
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fourteen days. When examined at the expiration of this period about 
50 per cent showed heavy infection with ripe cysts. When an infected 
mite was crushed between slide and cover slip in a drop of salt solution 
hundreds of sporocysts containing sporozoites were expressed (pl. xy). 
Only rarely were the sporocysts still contained in the large cyst 
(oocyst), the latter being usually ruptured in the process of crushing 
or dissecting. 

With a view of obtaining a clew to the manner of infection of rats 
in nature, a number of experiments were undertaken to determine 
the effect of various substances upon the sporocysts and the sporo- 
zoites. ‘The observations were made partly upon the warm stage of 
the microscope, but largely without its use; the weather at the time 
being extremely warm, additional heat was often found unnecessary. 

1. ACTION OF FRESH RAT’S BLOOD.—A drop of a healthy rat’s 
blood was mixed on a slide with ripe sporocysts, covered with a 
cover glass, and ringed with vaseline. No change in the sporocysts 
took place nor was any movement of the sporozoites in them observed 
as long as the sporocysts remained intact. On the contrary, when 
the latter were ruptured by pressure on the cover glass and the 
sporozoites set free in the blood, marked changes took place. After 
about fifteen minutes the sporozoites assumed a more elongated form, 
the principal change of shape taking place in the broad extremity. 
This end became more slender and elongated (but still slightly wider 
than the other) and the tip somewhat pointed. The nucleus was 
visible as a spherical body about one-third distant from the smaller 
extremity. The movement earliest observed consisted of a gradual 
bending until the ends were almost touching, then a sudden spring- 
hike resumption of the original shape (pl. xvi). Other sporozoites, 
after becoming bent, became slowly straightened, a peristaltic wave 
of contraction beginning anteriorly and a gradually increasing length 
of sporozoite becoming straightened. <A longitudinal contraction of 
the entire parasite, which rendered it shorter and broader, was 
followed by slow contraction in a transverse direction, beginning 
anteriorly, this portion becoming longer and thinner as the wave 
passed backward and causing the sporozoite to be projected slowly 
forward. A bending simultaneous with the longitudinal contraction 
often occurred, and in the following transverse contraction straight- 
ening proceeded from before backward, the anterior slender portion 
often making a distinct angle with the clubbed posterior part. 

With high magnifying powers of the microscope and indirect light 
from the condenser, minute striz, some arranged in an oblique trans- 
verse and others in an oblique longitudinal direction, can be made 
out without much difficulty. These strive are caused presumably by 
minute fibrils—the myocyte-fibrille commonly observed in gregarines, 
which are capable of contraction. . 
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After the slide has been allowed to remain, for ten or fifteen mit 
utes in the incubator and is then examined on the warm stage, t 
sporozoites are found to have become actively moving bodies calle 
vermicules. By asort of snakelike or wormlike motion, rapid chang 
of place occurred, the red blood corpuscles being vigoroulal movi 
about when the vermicule came in contact with them. The ante 
extremity was always the one which had been the broadest and mos 
rounded in the sporozoite. In the moving vermicule this extremity 
is more slender and pointed. The entry of vermicules into leucocytes 
was never observed. After two or three hours they became slugeiea 
in movement and finally stationary. 

2. ACTION OF 0.5 PER CENT SOLUTION OF PANCREATIC EXTRACT 
IN NORMAL SALT SOLUTION.—When sporocysts are exposed to this 
solution the cysts are rapidly dissolved and the sporozoites set free. 
The latter very soon become contracted into rounded bodies and los¢ 
all motion. 

3. THE DIGESTIVE JUICES OF THE MITE.—Mites containing sporo- 
cysts were compressed between a slide and cover slip. The chitinous 
envelope was then removed and the cover slip replaced and pressed 
down with sufficient force to rupture the sporocysts and set free the 
sporozoites. The latter, after a short time, performed slow moye- 
ments of flexion and extension, and, in addition, some sporozoites 
showed at times a slow gliding motion forward, with intervals of rest. 
When in motion a minute point of protoplasm could be seen pro- 
jecting from the anterior end. The protoplasm showed no perceptible 
waves of contraction during this movement. Some of the sporozoites 
at times exhibited slight contractions. No movement took place — 
eae the unruptured cysts. 

. ACTION OF JUICE FROM THE DUODENUM OF THE RAT.—A healthy 
ae rat was killed, the abdominal cavity opened, and a drop | 
the clear fluid contents of the lower part of the duodenum nine a) 
a slide with ripe sporocysts. Immediately upon examining with th 
microscope the sporozoites in the unruptured cysts were found toil I 
in active motion, moving about with great vigor in the interior ¢ 
the cyst and suggesting very strongly a mass of worms squirmin 
over one another. After ten or fifteen minutes many cysts wer 
seen to rupture and the sporozoites were set free as actively movil 
vermicules. They exhibited all the movements previously describe 
as observed when sporozoites were mixed with rat’s blood, exce] 
that they were intensified. This observation (repeated a numbeea 
times) upon the action of the intestinal juice upon the sporocyst 
and sporozoites pointed to the intestine as a possible point of ent 
of the infection, in rats, and led to subsequent experiments in tl 
direction. ; 
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The first experimental attempts to produce the disease in rats were 
conducted with the intention of simulating the natural method of 
‘infection. Ten healthy white rats about three-fourths grown and 
just received from a dealer were selected. Each rat was placed in a 
separate glass battery jar with wire-gauze top. Careful examination 
failed to disclose any skin parasites except a few lice. Two blood 
smears were made each day on two successive days from each rat. 
In every rat the blood was found to be normal. Mites previously 
infected and showing in about 50 per cent ripe sporocysts when 
crushed, were placed upon eight of these rats. [rom 20 to 50 mites 
were placed upon each rat. Two rats were kept as controls, no 
mites being placed upon them. ‘The rims of the jars containing these 
rats were smeared with vaseline and they were kept in a separate 
part of the laboratory away from the others. The results were as 
follows: 

Rat No. 1.—On the nineteenth day first appearance of parasites in 
the blood as encysted forms in lymphocytes; leucocytes increased. 
Twentieth and twenty-first day: Encysted forms more numerous; 
animal shows marked anemia. Twenty-second day: Lymphocytes 
greatly increased; in addition to many encysted parasites, numerous 
free forms. In fresh preparations some of these are actively moving 
vermicules. Twenty-third day: Leucocytes 120,000, 82 per cent 
being large mononuclear leucocytes. In counting 200 leucocytes 
381 parasites were counted. Animal died. 

Post-mortem.—Muscles and skin extremely pale; blood watery; 
spleen greatly enlarged and dark, measuring 6 by 2 by .5 cm. Liver, 
yellow in color; punctate hemorrhages in lungs. ~ 

Rat No. 2.—¥ew encysted parasites on twenty-fifth day, gradually 
increasing in number until thirty-fifth day. Anemia slight. At that 
time 38,000 leucocytes, large mononuclears 56 per cent. In count- 
ing 200 leucocytes 32 parasites encountered. On fiftieth day infec- 
tion appears to be about the same. 

Rat No. 3.—Moderate number of free and encysted forms on 
‘twenty-second day.- Infection increased until death on twenty- 
eighth day. Leucocytes, 132,000, large mononuclears 71 per cent. 
In counting 200 leucocytes 165 parasites observed; few free forms. 

Post-mortem.—Lesions as in rat No. 1, except spleen slightly smaller 
and in addition there is enlargement of abdominal and mesenteric 
lymph glands. 

Rat No. 4.—Infection first observed on twenty-eighth day; few 
encysted forms; gradually increasing anemia and number of encysted 
forms; death on thirty-eighth day. Leucocytes 110,000 on thirty- 
sixth day; large mononuclears 68 per cent. In counting 200 leuco- 
cytes 96 parasites observed; very few free; nucleated red cells 
abundant. 


*» 


= 


40 


Post-mortem.—Lesions as in No. 1. a 

Rat No. 5.—Few encysted parasites on twenty-fifth day, bu 
eradual increase up to fiftieth day. Leucocytes 28,000, 37 per cent 
large mononuclears. In counting 200 leucocytes 28 encysted form 
observed; none free. Animal appears healthy; slight anemia. 

Rat No. 6.—Few free and encysted parasites on nineteenth day. 
On twenty-fifth day greatly increased in number, both free and en- 
cysted; moderate anemia. On fiftieth day animal alive, but seems 
sick and is quite anemic. Leucocytes 98,000, 62 per cent large 
mononuclears; many nucleated reds. In counting 200 leucocytes 
231 parasites observed ; 157 free. 

Rat No. 7. eine appeared twenty-seventh day; death thirtys 
first day; great anemia. On twenty-sixth day leucocytes 91,000, 
59 per cent large mononuclears. In counting 200 leucocytes 101 
parasites observed, mostly encysted. 

Autopsy. ee 6 by 1 by 0.4 em. Other lesions as in Now 
except punctate hemorrhages absent inlungs. , 

Rat No. 8.—Free vermicules only in small numbers on seventeen r 
day; encysted forms numerous on twenty-fifth day; death thirty- 
sixth day. Leucocytes 126,000, large mononuclears 78 per cent on 
thirty-fifth day. In counting 200 leucocytes 83 parasites, mostly 


encysted, were seen. 
Autopsy.—Lesions as in No. 1, except slightly smaller size of spleen, 


Rat No. 9—Control. eed every five days up to fiftieth day. 
No parasites found. Leucocytes 10,600, few nucleated reds. 
Rat No. 10—Control.—No parasites up to fiftieth day. Leuco- 
cytes 5,800. | 
Control animals were repeatedly examined and found free of mites. 


INFECTION IN WILD RATS. 


In attempting to infect wild rats (Mus rattus) with H. perniciosun 
an obstacle was encountered, due to the difficulty of handling them 
and of keeping them heaters in captivity. 

In the first experiment five large rats, averaging 250 grams 
weight, were used: These rats had just been captured in a wire trap. 
They were placed in separate glass jars, to which infected mites hac 
been added. Unfortunately all the rats died within a week from self 
starvation and the effects of confinement. 

For a second experiment six young wild rats, apparently of the 
same age and averaging about 100 grams in weights were obtained 
These were placed in a large wire cage, which in turn was placed in ¢ 
large wooden cage containing infected mites. | 

Results: One rat died on the thirty-third day and another on th 
thirty-ninth day. Examination of the blood and organs showe: 
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‘severe infection with //. perniciosum. At the end of six weeks the 
remaining rats were all infected with the blood parasite, but in a 
‘mild degree. At the end of eight weeks the animals still show the 
parasite. The age of the rats at the beginning of the experiment is 
assumed to be about four months. 


FEEDING EXPERIMENTS. 


Ten rats were selected and placed in isolated glass jars with gauze 
tops. Hach cage, as well as each rat, was sprinkled with ‘‘insect 
powder.” All the rats were carefully examined and found free of 
vermin except a few lice. These disappeared within a few days after 
the “insect powder” was used. 

Blood smears from each rat were examined on two successive days. 
The blood was normal and showed no parasites. Before the feedings 
with infected material all food was withdrawn for forty-eight hours. 
Mites containing ripe sporozoites were crushed singly or in small 
numbers at a time upon double-width glass slides. Immediately 
after crushing, examination with the low power of the microscope 
was frequently resorted to, in order to be certain of the abundance 
of ripe sporocysts. Pieces of moistened white bread were used to 
absorb the expressed juices of the crushed mites. After a thin piece 
of bread about 2 em. square had received from 15 to 20 or more 
crushed mites and their juices it was gently compressed into a firm 
round mass and immediately fed to a rat. In this manner eight of 
the ten rats were fed. The other two were kept as controls. The 
eight rats were fed as described only once; afterwards ordinary food 
(bread and oats) was given. 

Twenty-four hours after the infected bread was given, and every 
day thereafter, stained blood smears, and on occasion, fresh prepara- 
tions, were examined. In the first twenty-four hour preparations, 
five rats showed a moderate number of actively moving free vermi- 
cules in the blood; they were also observed in stained smears and 
differed in no way from those previously described. The leucocytes 
were but little if at all increased in number; no encysted or other 
variety of parasites were observed. When next examined (third day) 
no parasites were observed in any of the smears examined. The later 
findings are given below: 

Rat No. 1.—A small number of encysted parasites observed on 
the eighth day; on twelfth day moderate anemia; parasites greatly 
increased, also leucocytes; death on fourteenth day. 

Post-mortem.—Enlarged spleen, fatty liver. 

Rat No. 2.—Moderate numbers of encysted and a few free para- 
sites observed on twelfth day; gradual increase in number up to 
fortieth day; animal shows moderate anemia and seems sick; en- 
eysted parasites numerous. 


appearance of encysted parasites in the blood was on the eighth day 
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Rat No. 8.—Moderate number of encysted parasites on eighth day 
tenth day marked anemia, many free and encysted parasites. Four 
dead on morning of twelfth day. x 
Post-mortem.—Hemorrhagic spots on surface of lungs; blood i 
small intestine; other icine as in No. 1. 
Rat No. 4.—Few encysted parasites on ninth day; moderate nur 
ber on twelfth day. On fortieth day an occasional parasite ob 
served; animal appears healthy. . 
Rat No. 5.—Small number of free and occasional encysted parasites 
on eighth day; tenth day encysted forms numerous; moderate ant 0- 
mia; death on twentieth day. 7 
Post-mortem.—Spleen greatly enlarged; liver mottled yellow; 
many parasites in blood. ; 
Rat No. 6.—Kncysted parasites in small numbers on twelfth day; 
moderately numerous on twentieth day; animal sick. On fortieth 
day a few encysted forms still present; animal appears healthy. 
Rat No. 7.—Few free and many encysted parasites on ninth day; 
more abundant on twelfth day; animal anemic, appears sick; leuco- 
cystes greatly increased. Increasing anemia and death on twentieth 
day. | 
Post-mortem.—Spleen four times normal size; liver enlarged 
fatty; mesenteric lymph glands enlarged and hemorrhagic. 
Rat No. 8.—Small number of encysted parasites on eleventh day; 
on fifteenth day considerably increased; anemia apparent. On 
fortieth day animal still alive, but quite ne and anemic. 
Rats Nos. 9 and 10—C ionieal rats—Were examined in the sam a 
manner as the infected ones. No parasites found in the blood at any 
time. Animals healthy on the fortieth day. 
On none of the rats were mites or other ecto-parasites fous The 
jars in which the rats were confined were placed at some distance in 
the laboratory from those containing infected mites and were further 
protected by a ring of vaseline. 4 
In a later experiment, carried out in the same manner, five rats 
were used. Four were fed with ripe cysts on wet bread. The carla t 


in two rats; in the other two on the tenth day. Vermicules alone 
were observed in three on the second day. One rat died on fifteenth; 
the other on nineteenth day. 

In a still later experiment four young rats (2 months old) were fe« 
as in the previous experiments. Encysted parasites were found in 
the blood on the tenth, twelfth, thirteenth, and fourteenth day 
respectively. All four died within a week after the appearance « 
infection. 

REMARKS.— Parasites spoken of as ‘‘encysted” refer to those form: 
inclosed in cysts and usually contained in mononuclear lymphocytes 
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In the first experiment the five rats in which free vermicules were 

observed twenty-four hours after feeding infected mites were those 
in which encysted parasites were first observed. It is probable that 
a more prolonged search for parasites in the blood of the remaining 
three rats would have resulted in the finding of a few at that time. 

An attempt was made to infect four rats by feeding them livers 
from infected rats in which cysts (containing merozoites) were nu- 
merous. The result was negative. No free vermicules were detected 
in the blood during the first twenty-four hours, nor did any encysted 
parasites appear later. ; 

Defibrinated heart’s blood from an infected animal was injected 
into the peritoneum of two healthy rats, 1 ¢. c. to each rat. Blood 
smears previously made from the infected rats showed only encysted 
parasites. Result negative. 

In a later experiment defibrinated blood in which there were a few 
free vermicules was employed. The results were also negative. 

Small pieces of liver containing ripe cysts were gently rubbed up in 
a mortar with salt solution. The liquid, strained through sterilized 
gauze, was injected into the peritoneum of two rats. Result negative. 

Several mites containing ripe sporocysts were gently crushed and 
rubbed in a mortar containing 0.3 per cent salt solution. The liquid, 
when strained and examined with the microscope, was found to con- 
tain many free sporozoites. A portion of the fluid was injected into 
the peritoneal cavity of two rats. Result negative. 

ACTION OF CITRATE SOLUTIONS UPON ENCYSTED PARASITES.—Defi- 
brinated blood from an infected rat was added in varying amounts 
to small test tubes containing 1 ¢. c. of 1 per cent solution of sodium 
citrate in normal salt solution. Two tubes were set aside at room 
temperature (about 30° C.); two tubes were placed in the incubator 
at 37° C. for twenty-four hours. The same method of procedure was 
also followed, using normal salt solution instead of soidum citrate 
solution. Results: In salt solution kept for three days at 30° C. a 
few sluggishly motile vermicules were found. In other solutions no 
change took place in the encysted parasites. 

A series of sections were made from the middle and lower part of 
the small intestine of a fasting rat, fed twelve hours before, on a large 
number of crushed mites heavily infected with ripe sporocysts, inclosed 
in moist bread. Numerous vermicules were seen between the epithe- 
lial cells and in the capillaries and lymph spaces in the villi. 


CLASSIFICATION. 

Some zoologists have favored a classification of the gregarine-like 
blood parasites as a subdivision of the gregarines, while others have 
placed them in a subdivision of the Hxemosporidia, making blood 
‘parasitism the principal feature upon which to base the classification. 
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Just at present the question of their systematic position is in a s 
what confused state. a 
In the classification of Laveran* the Hemosporidia are divide 
into three genera: 
_ Hemameba (including the malarial type of organism). 
2. Piroplasma. 
3, Hemogregarina. 
Neveu-Lemaire? believes that these primary subdivisions should b be 
into families instead of genera. He divides the Hemosporidia ir 
four families instead of three, viz: 


Karyolysus. 
Hemogregarina. 
[arn 


Lankesterella. 
Fie mogreganye.S on nie eee 


Laverania. 

Hemameba. 
eae: 

Polychromophilus. 
{ Achromaticus. 
\Dactylosoma. 
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It has been suggested that Piroplasma, an important group which 
has been left out, be included as an additional family. : 
Lihe agrees with Neveu-Lemaire that the genus Hemogregarina 
ae ay should be given the strength of a family. | 
The classification of Minchin¢ attempts to accomplish the same end 
in a somewhat different manner. It is a modification of one pro- 
posed by Labbé. 


Lankesterella. 
Eeeimios pore (2. zs are Karyolysus. 
Hemogregarina. 
i emosporidia:: 52003508: Plasmodium. 
_ | Laverania. 
ACY SOS PORED. come na oe Hexmoproteus. 
Halteridium. 
Piroplasma. 


The description of the suborder Hemosporea is as follows: 
Trophozoite, typically a vermiform heemogregarine, endoglobular in early stages, 
free when full grown; apparently no alteration of hosts; schizogony and sporogony in 
the same host, which is always a cold-blooded vertebrate, fish, amphibian, or reptile. 
The hemogregarines of mammals could not be included in this 
suborder without considerable modification. The classification devised 


a Laveran, A.: Les hématozoaires endoglobulaires. C. R. soc. biol., Par., vol. 50, 
1899, p. 124-133. 4 
: Essai de classification des hématozoaires endoglobulaires. ©. R. soc. biol., 
Par., vol. 53, 1901, p. 798. 

b Neveu-Lemaire: Les hématozoaires du paludisme. Thése, Paris, 1901. F 

¢ Minchin: The sporozoa. In ‘‘A treatise on zoology,’’ ed. by E. Ray Lankester, 
part 1, London, 1903. 
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by Neveu-Lemaire and advocated by Lithe divides the Hamogregari- 
nid into three genera, as already mentioned. 

In view of the restricted knowledge of many of the parasites of this 

general group, and especially in view of the fact that the complete 
life cycle for so few forms is definitely established, considerable diffi- 
culty naturally arises in attempting to definitely classify Hepatozoon 
permciosum, the organism under discussion. As Liihe, who has 
recently published a revisional discussion of this group, has classified 
an apparently rather closely allied species, namely, Hmogregarina 
balfourr, from Jaculus jaculus in the family Hemogregarinide, it 
seems best to place tnis new species for rats at least provisionally in 
the same family. 
- In attempting to classily the organism in one of the new genera 
we are faced by two dangers: In the majority of the species of this 
group the complete life cycle has not yet been established. If, now, 
the organism under discussion is classified in one of these new genera 
the danger is present of giving a total misconception to the life cycle 
of the other forms. If, on the other hand, a new genus is proposed 
for this species the danger is present that when the life cycle of the 
other species of this group shall become known this new genus will be 
shown to be unnecessary. A choice must therefore be made between 
running the risk of confusing the biology of species with which the 
present parasite may have nothing whatever to do and of unneces- 
sarily creating a new systematic name. When these considerations 
are weighed it would appear that it is much more difficult to correct 
a biological confusion than it is to suppress a synonym. On this 
account it is believed that the lesser of the two evils lies in proposing 
for the species under discussion a new generic name. Dr. Charles 
Waddell Stiles, chief of the division of zoology, Hygienic Laboratory, 
Public Health and Marine-Hospital Service has suggested the provi- 
sional formation of a new genus. The writer accepts this view, and 
accordingly proposes Hepatozoon, kindly suggested by Doctor Stiles 
as the new mono-typic genus, with Hepatozoon perniciosum as type 
species. 

As only one species is at present established for this genus it is 
naturally difficult to separate the generic from the specific characters. 
As diagnosis for Hepatozoon perniciosum n. g., n. sp., the following 
may be given: 


In THE Rat. 


When an infected mite is swallowed by a rat the sporocysts are acted 
upon by the digestive juices and the sporozoites are liberated. The 
sporozoites become actively motile striated vermicules measuring 
16 by 4 micra. They penetrate the intestinal villi of the rat, enter 
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the blood stream, and are carried to the liver. They penetrate t 
liver cells and undergo schizogony. The nuclei of the oval schizor 
are arranged at the poles and an enveloping cyst is developed. Eae 
nucleus becomes the basis of a merozoite, of which an average of | 
are formed, arranged at the poles. The ripe cyst measures 25 by 
micra. Later the cyst wall becomes softened and is ruptured. TI} 
merozoites are set free as actively moving vermicules, indistinguisl 
able from those developed from the sporozoites. Some of the merc 
zoites enter fresh liver cells and repeat the schizogony. Other mere 
zoites enter the blood streams as vermicules, are taken in by the larg, 
mononuclear lymphocytes, and develop a definite enveloping cys 
wall. A few vermicules may escape the action of the leucocytes and 
appear in the blood stream. 


In THE MITE. 


When the blood of an infected rat is swallowed by a mite the 
encysted trophozoites are set free in the stomach by solution of the 
cyst as free vermicules. Two similar vermicules become associatec 
and conjugate. One, the macrogamete, grows larger and partly sur- 
rounds the other, the microgamete. The protoplasm becomes fused | 
and later the nuclei conjugate and fuse to form a zygote. The “yeom 
becomes a sluggishly motile ookinet, which penetrates the stomach wal 
of the mite and enters the body tissues and becomes encysted (cocystil ;) 
Here a remarkable enlargement of the karyosome takes place. The 
parasite increases enormously in size. The nucleus of the spherical 
sporont thus formed undergoes division into many daughter nue i, 
which migrate to the surface of the sporont. The surface of the latte 
becomes mammillated. The projections, each of which contains | 
nucleus, increase in size and length; later they are broken off 2 
each becomes a sporoblast. The nucleus of the sporoblast unden € 
division, the resulting nuclei being arranged at the poles. The sporo 
blast increases in size and a cyst wall develops. Around each nucleus 
a sporozoite is formed. In the ripe sporocyst, which measures 25 by 
30 micra, the sporozoites, 16 in number (average), are arranged at th 
poles. The large cyst (oocyst) contains from 50 to 100 of such sport 
cysts. When the mite is swallowed by a rat the cycle is repeated. 

It is recognized that the hemogregarines Leucocytozoon canis an 
Leucocytozoon funambuli, which have already been described, in Ind 
are more or less similar to Hepatozoon perniciosum; but as the gem 
Leucocytozoon has already been taken by a blood parasite, L. zemann 
of an entirely different character, this generic name can not be pra 
erly retained. 

The relation or possible identity of Leucocytozoon ratti, describe 
by Adie, with H. perniciosum can only be cleared up when the lif 


ycle of the former is known. Only the trophozoite has been observed, 
which, according to the description, is smaller than that of //. per- 
Mciosum, and is without a cyto-cyst. It may be mentioned that 
there exists a marked similarity in form of the trophozoites of dif- 
ferent species of hamogregarines in both warm- and cold-blooded 
animals. : 

_ Specimens of the type species of the new genus have been deposited 
in the museum of the division of zoology, hygienic laboratory, United 
States Public Health and Marine-Hospital Service. 


CONCLUSIONS. 


Hepatozoon perniciosum is the only: hemogregarine occurring in 
mammals which has been observed outside of India and northern 
Africa, both tropical regions. 

No other hemogregarine has been described which exhibits dis- 
tinct pathogenic properties or causes the death of the animal host. 

Other hzemogregarines have been found only in wild animals, in 
which they appear to exert no harmful effect. It is well known that 
domesticated animals may succumb to infection by protozoa or 
bacteria, practically harmless to closely related wild animals. Such 
may be the case as regards infection of white rats by H. perniciosum. 

The results thus far obtained in the experimental infection of wild 
rats (Mus rattus) with this parasite are not conclusive as regards 
pathogenicity. That the wild rat is susceptible to infection is clearly 
shown. As is the case with white rats, it is probable that the most 
pathogenic effect is exerted upon young animals. Whether or no 
this parasite can be turned to account in the destruction of wild rats 
is a matter for further investigation. The role assumed by wild rats 
as agents in the transmission of plague makes it a matter of great 
importance to exterminate them. To do this by spreading disease 
among them is generally regarded as the simplest and most desirable 
method. 

The Gamasid mite (Lelaps echidninus), which is the intermediate 
host, has frequently been found both upon white and wild rats and in 
widely separated localities. A study of the habits of rats taken in 
conjunction with the experimental infections already described, proves 
beyond question the mode of entry of Hepatozoon perniciosum into 
the body of the rat. That this is the sole manner in which infection 
takes place is not proved, but is extremely probable. 

The puncture produced by the pointed mouth parts of the mite 
before sucking the blood of the host apparently causes some irritation. 
Rats infested with mites may frequently be seen to bite at the skin 
on various parts of the body and frequently they seem to catch and 
devour the offending mite. The behavior of dogs when disturbed by 
fleas is more familiar. 
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If the mite in question has previously sucked blood from a d 
eased animal and sufficient time has elapsed for the development « 
sporocysts, the latter, when dissolved in the intestinal juice of tl 
rat, set free the sporozoites. These as vermicules penetrate tl 
ee wall, enter the veins and lymphatics, and reach the live 
Here they penetrate the liver cells and undergo multiplication 
Some escape into the general circulation. The merozoites wher 
fully developed are set free in the liver capillaries as vermicule: 
The majority are speedily taken up by the phagocytic large lymphe 
cytes and become encysted; a few may remain as free vermicules. — 

The habit of mites to eave the rat during the day and return a 
night affords ample opportunity for a change of hosts if several ani 
mals are in the same cage. 

As shown by experiment, in rats fed upon infected mite mixed 
with bread, free vermicules appear in the blood twenty-four hours 
later and encysted forms after eight or ten days, whereas rats upo! 
which live infected mites are placed show infection only after seven 
teen to twenty-eight days. The explanation of this difference doubt 
less depends upon how soon after being placed on the rat an infecte a 
mite is devoured. 

As already mentioned in the description of the parasite in the body 
of the mite, there is no indication, either in preparations of fres 
mites or in prepared sections, that the sporozoites become free fron 
the sporocysts in the body of the mite or that they are transmitted 
by the mouth parts. The sporocysts show considerable tenacity anc 
resistance to rupture. Although sometimes encountered in_ the 
salivary glands, the sporocysts are common in any part of the bod 
of the mite. ) 

Infection through the alimentary canal from an intermediary hos 
has not previously been described for a protozoan blood parasite. 

The fact that all of those animals, viz, frogs, snakes, lizards, tu 
tles, etc., in which hemogregarines are so common, are insectivorous 
suggests a possible mode of infection the same as in white rat 
Leucoc ytozoon canis, the sexual cycle of which Christophers nas 
described in the tee tick, may possibly be transmitted in the sam 
manner as /1. perniciosum. 

The limited experiments seem to indicate that infection with 
latter by inoculation from one animal to another is impossible. 
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Blood smear showing Hepatozoon perniciosum encysted in large lymphocytes; also, one free 
encysted form. Drawn with the aid of the camera lucida from a single field of the microscope. 
Giemsa stain. 
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Blood smear showing unusual forms of Hepatozoon perniciosum. a. free vermicules; 6. motion- 
less, free parasites; c. large oval parasite without cyst; d. large parasite in transitional leucocyte, 
unencysted; ¢. ordinary size parasite in transitional leucocyte, without cyst; jf. large parasite 
encysted in large mononuclear lymphocyte. 

Drawn with camera lucida. Giemsa stain. 
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Fig. 1.—Section of liver of infected rat, showing schizonts in various stages 
and the formation of merozoites. Figs. 2-8.—Detail drawings of schiz- 
onts in different stages (from a section of the liver). Drawn with camera 
lucida. Stain, iren hematoxylin. 


Hygienic Laboratory, Bulletin 46. 


CW WhoER 


2 


Fig. 1.—Dorsal view of a female mite. 
female mite. md., mandibles; ep., 
se., scutum; per., peritreme; st. pl., 


Drawn with camera lucida. 


Fig. 2.—Ventra 
epistome: cap., 
stigmal plate; 


plate; an. pl., anal plate: g., genital pore; ster. pl., sternal plate. 
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Fig. 1.—Ventral view of male mite. gen. p., genital 
pore. Drawn with camera lucida. Fig. 2.—Suck- 
ing disks and hooklets upon terminal phalanx of 
first pair of legs. Greatly enlarged. 
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Fig. 1.—Mouth parts of female mite. Fig. 2.—Mouth 
parts of male mite. ch., chelicere; md., mandi- 
ble; palp, palp; max., maxilla; m., mouth opening: 
cap., capitellum; Jing., lingula; cl. or., clasping 
organ. Greatly enlarged. Drawn with camera 
lucida. 


PLATE VI. 


Hygienic Laboratory, Bulletin 46. PLaTe VII. 


2 3 


Fig. 1.—Dorsi-ventral section in mid line of female mite. Semidiagrammatic. Fig. 2,—Transvyerse 
section of posterior part of capitellum. Fig. 3.—Transverse section of anterior part of capitellum 
(enlarged). ven., ventriculus; cap., eapitellum; ov., ovary; ovd, OVA, emb.. embryo; gang., gan- 
glion or brain; gen. p., genital pore; @s., cesophagus; sal. gl., salivary gland; ly. or., lyrate organ, 
MUS. muscle fibers (attached to mandible, and under surface of scutum); md., mandible: max., 
maxilla: ex. bl., excretory bladder; ling., lingula; ph., pharynx; mus. ph., pharyngeal muscles; 
sp., sporont (parasites). 
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Fig. 1.—Transverse section of female mite, just 
behind fourth pair of legs. Semidiagram- 
matic. dig. cell, digestive cell; vag., vagina; 
tr., trachea; mus., muscle attached to legs; 
sp., sporont; ook., ookinet. Fig. 2.—Diagram 
of digestive tract and excretory organs. vent., 
ventriculus; vent. div., ventricular diverticu- 
lum; mal. tub., malphigian tubule; ¢e/., excre- 
tory bladder; @s., cesophagus. 
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Horizontal section of female mite, removed from an infected rat. sp. cy., large cyst ene 
many sporocysts with sporozoites—the cyst walls do not show distinctly—the ane ae pst 
sporozoites are strongly stained; sp., sporont showing peripheral mur as tS ee phe 
containing sporoblasts; gang., ganglion or brain; vent. div., pone a ses seg te 
cell, digestive or liver cell; emb., embryo. Drawn with camera lucida. aine 
hematoxylin. 
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Horizontal section of young female mite from an infected rat, showing parasites. 


sp. bl., 


sts, with indistinct outline; 
Lettering as in Pls. V toIX. Drawn with camera lucida. 


iron hematoxylin. 


Stained with 


sporoblasts (not yet divided into sporozoites) in large ey 


sp., sporont. 
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Horizontal section of young female mite, from a lot placed upon a heavily infected rat for 24 
hours, then removed and placed upon a normal rat; about seventh day; section shows enor- 
mous number of segmenting sporonts. The large cyst surrounding each sporont is irregular in 


outline. Some of the sporonts are shown com 
camera lucida. Stained with iron hematoxy] 


pletely divided up into sporoblasts. Drawn with 
in. 
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From a horizontal section of a mite 48 hours after feeding upon an infected rat. Figure repre- 
sents the anterior portion of the left lateral diverticulum of the ventriculus in section. Stained 
with iron hematoxylin. a, Epithelial and muscular layer of ventriculus; 6, zygotes and 
ookinets of various forms. Drawn with camera lucida. 
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SEXUAL PHASE OF HEPATOZOON PERNICIOSUM IN THE STOMACH AND BODY TISSUES OF 
A FEMALE MITE. 


fig. 1.—Association of vermicules (gametocytes). Figs. 2-5.—Conjugation of gametes. Figs. 6-9.— 

opulation of gametes to form a zygote. Figs. 10-14.—Formation and development of ookinet. 
Figs. 15-16.—Formation of an enveloping cyst and beginning of sporont stage. Figs. 1-12.—In 
the ventriculus. Figs. 13-16.—In the body tissues. Drawn from fresh preparations. 
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- SHOWING SPORONTS IN VARIOUS STAGES, IN FRESH PREPARATIONS, MADE BY TEASING 


_ APART LIVE MITES FROM 3 TO 6 DAYS AFTER INFECTION, IN 0.8 PER CENT SALT 
_ SOLUTION. 
Ss 


s. 1-2.—Unsegmented sporonts with cyst. Figs. 3-4.—Sporonts showing budding from 
surface to form sporoblasts; with cyst. Drawn with camera lucida. 
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A MITE CONTAINING 3 LARGE CYSTS, WHICH HAS BEEN 
GENTLY CRUSHED IN SALT SOLUTION BETWEEN SLIDE 
AND COVER SLIP. SHOWING EXTRUSION OF A LARGE 
CYST CONTAINING MANY SPOROCYSTS; AND MANY FREE 
SPOROCYSTS. FRESH PREPARATION. SEMIDIAGRAM- 


MATIC. 
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Figs. 1-11.—Free vermicules. Drawn from a fresh preparation, prepared by mixing ripe sporo- 
cysts from a crushed mite with duodenal juice obtained from a freshly killed healthy rat. 
Figs. 1-2.—Sporozoites unchanged. Figs. 3-11.—Sporozoites which have become active ver- 
micules; showing striation (exaggerated) and various shapes assumed. Fig. 12.—Sporocyst 
from freshly crushed mite; showing central ‘‘rest’? body and young sporozoites at the 
extremities. Figs. 13-14.—Lateral and end views of fresh sporocysts, showing completely 
developed sporozoites and small ‘‘rest’’ body. 
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PARASITES DRAWN FROM SECTIONS OF MITES. STAINED WITH IRON 
HEMATOXYLIN. 


Fig. 1.—Large sporont. Figs. 2-3.—Sporonts with daughter nuclei. 
Fig. 4.—Early bud formation. Fig. 5.—Segmentation into sporo- 
blasts almost complete. Fig. 6.—Complete segmentation into 
sporoblasts. Stages shown in figs. 4,5, and 6 are numerous in 
Pl. XI. Drawn with camera lucida. 
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SPOROBLASTS SHOWING VARIOUS STAGES OF NUCLEAR DIVISION 
AND SEGMENTATION INTO SPOROZOITES; FROM SECTIONS OF 
INFECTED MITES, 7 TO 10 DAYS AFTER BEING PLACED UPON 
INFECTED RATS. STAINED WITH IRON HEMATOXYLIN. 


Figs. 8 and 10 show cross sections of sporoblasts near one extremity. 
Drawn with camera lucida. 
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CROSS SECTION OF LARGE OOCYST (FROM SECTION OF A MITE) CONTAINING MANY RIPE 
SPOROCYSTS WITH SPOROZOITES. STAINED WITH IRON HEMATOXYLIN. DRAWN WITH 
CAMERA LUCIDA. 
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free sporozoites 
Nay testine of rat. 


LIFE CYCLE OF HEPATOZOON 
PERNICIOSUM. 
(Diagrammatic and schematic.) 


In the rat, 
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Value of thyroid as a drug. Importance of a knowledge of the relation 
between the physiological activity and the iodine content. Older 
_ views on the relation of iodine to the thryoid. Baumann’s discovery 
_ of iodine in the thyroid. Conflicting views as to the significance of the 
~ iodine. 
T I. THE PARALLELISM BETWEEN THE PHYSIOLOGICAL ACTIVITY AND THE 
DL ‘E CONTENT OF THYROID. 
I oe Fe oof an banda amet wd ss oe nsacen uae 
Review and discussion of the principal views on this subject. The 
chief objections which have been made to Baumann’s view that 
iodine is an important, not an accidental, constituent of the thyroid. 
The experimental work bearing directly upon the problem. Lack 
7 of satisfactory methods. 
PB. ea ee ee 
Methods, effect of feeding thyroid upon the susceptibility of animals 
to various poisons. Advantages of the method. 
1. Experiments with acetonitrile............... ae 
Theory of the physiological action of cebianitinibe, "Effect 
of acetonitrile upon sulphur metabolism. 
Bem petiitents ON MICE? .. A222 5s). .22 2b. ee Oe le eee De 

Preliminary experiments and theoretical considerations.— 
The feeding of thyroid increases the resistance of 
mice to acetonitrile. Experiments showing what 
large amounts of the poison may be neutralized by 
very small amounts of thyroid. Delicacy of the 
method for detecting minute amounts of thyroid 
mixed with other substances. 

Conditions influencing the resistance of mice to acetoni- 
trile.—Variations in the resistance of different groups 
of mice to the poison. Influence of season, diet, etc. 

On the manner in which thyroid influences the resistance 
of mice to acetonitrile —Not a simple chemical inter- 
action between the thyroid and the poison. Bear- 
ing of these experiments upon the theory of the 
detoxicatory function of the thyroid. 

7. Experiments with ‘‘iodine free’’ thyroid.............. 
Conception of ‘‘iodine free” thyroid. Conflicting 
views as to the activity of such thyroid. Experi- 
mental. Differences in activity between dilf- 

ferent preparations of ‘‘iodine free” thyroids. 

General conclusions. 

a. Experiments with commercial sheep thyroids......-- 
Relation of dose to physiological effect. 

Outline of methods. Experimental. Paral- 
lelism between iodine content and physiolo- 
gical activity. 

wi. Experiments with thyroids from various animals. . - 


(5) 


11 


19 


21 


22 


Part I. THE PARALLELISM BETWEEN THE PHYSIOLOGICAL ACTIVITY AND THE 
1 | ICDINE CONTENT OF THYROID—Continued. 
| B. Experimental—Continued. 

Methods, effect of feeding thyroid upon the susceptibility of animals 
| to various poisons. Advantages of the method—Continued. 
1. Experiments with acetonitrile—Continued. 

6. Experiments on rats.....-2...,..2..-.--.+se ees aR 
| Thyroid lowers the resistance of rats to acetonitrile. 
' 


) ‘ LS ee Oe 
ee ann 


Parallelism between the iodine content and the 
physiological activity. General conclusions. 
2. Experiments with morphine.... 2... ./.-. .<:50 5 ¢= eee 
. Introduction. Resistance of rats, mice, and guinea pigs 
to morphine diminished by feeding of thyroid. 
a. Experiments on white rats...........--.-: ese seen 
Parallelism between physiological. activity and iodine 
content of thyroid preparations. 
6. Experiments on mice... -...2-2-.3 <- J: tye 
c. Experiments on guinea pigs. ........ 5.22 .cae ee 
Conclusions from the experiments with morphine.......-.-- 
Explanation of effects of thyroid upon resistance to 
morphine. Possible clinical bearings. 
Part II. ON THE NATURE OF THE RELATION BETWEEN THE IODINE PERCENTAGE 
AND THE PHYSIOLOGICAL ACTIVITY OF THYROID.......-..52-5, op eee 
Historical; Roos’s experiments on the activity of thyroid the iodine con- 
tent of which was increased by the administration of potassium iodide. 
Discussion of Roos’s results. 
Experimental demonstration that the activity of thyroid iodized in vivo is 
increased in proportion to the increased iodine content. 
. 1. Experiments with acetonitrile— 
a. Experiments on mice 
b. Experiments on rats. : 2.2 +.-..2..0+.=- +2220 
G | 2. Experiments with morphine— 
a. Experiments on mice 
6. Experiments on rats... 2...2522--. 2 225 = 
) Bearing of the results on the question whether there is a 
1 casual relation between the iodine content and the 
| | physiological activity. 


[UDIES ON THYROID: I. THE RELATION OF IODINE 
7 TO THE PHYSIOLOGICAL ACTIVITY OF 
THYROID PREPARATIONS. 


By Reip Hunr, 
hi of, Division of Pharmacology, Hygienic Laboratory, U.S. Public Health and Marine- 
Hospital Service, 
and 
& ATHERTON SEIDELL, 


Chemis, Division of Pharmacology, Hygienic Laboratory, U.S. Public Health and Marine- 
a Hospital Service. 


= INTRODUCTION. 
Phyroid is a unique drug and occupies a place in therapeutics which 
ean not be filled, even maneifectly by any other known therapeutic 
gent Its use was the first practical application of the doctrine of 
nternal secretion and it still remains the most. striking example of 
the conscious utilization, for therapeutic purposes, of an “‘hormone.”’ 
_ Although much has been learned in recent years in regard to the 
ction of the thyroid as a glandular organ and also as to the effects 
of the administration of Loaner preparations upon the organism, both 
and in disease, little progress has been made in the study 
thyroid asa drug. The “active principle” of the gland is unknown, 
there are no generally accepted means, aside from actual clinical 
tests, of determining the relative value of different thyroid prepara- 
ns. 
RK very important advance in our knowledge of thyroid as a drug 
Was made when Baumann? discovered in 1895 that the gland cennlle 
contains iodine. Since that time the chief interest in the chemistry 
of the thyroid has centered around this iodine, but the opinions as to 
he physiological significance of the latter are as far apart to-day as 
ey were twelve or thirteen years ago. 
The question of the relation of the iodine to the physiological activ- 
y of thyroid is from the pharmacological standpoint the most 
portant problem connected with this-drug; this is the subject of 
e present bulletin. 


@. Baumann, Ztschr. f. physiol. chem., Strassb., 1895-96, 21, p. 319. 
(7) 


8 


Before considering the main problem, however, a few words m 
be devoted to certain phases of the older history of the thyroid. .T 
relation of iodine to this gland had been for many years a matter 
interest to physicians and was much discussed even before Baumani 
important discovery. It has long been recognized that iodine h 
some special relation to the thyroid. Seven years after the disco 
ery of the element iodine by Courtois, in 1812, Straub, of Berne, su 
gested that it was the active principle of the “toasted sponges 
(Spongia “usta’”’ or ‘‘tosta’’) and the “ Aethiops vegetabilis,’’ whic 
had been used in the treatment of goiter at least since the thirteent 
century.“ Since 1820 iodine, as such or in combination, has been i 
constant use in the treatment of diseases of the thyroid. | 

About the middle of the last century great interest was aroused b 
the work of Chatin, Marchand, and others on the relation of iodit 
in drinking water to goiter. The more recent history of this subjec 
began with the revival of interest in the physiology and pathology « 
the thyroid gland which was stimulated by the work of Gull and Or 
on myxoedema and of Kocher and Reverdin on the effects of tk 
removal of the thyroid in man. This work was followed, partly as 
result of the stimulus of Brown-Sequard’s ideas concerning intern: 
secretion, by the introduction of organotherapy in the treatment ¢ 
diseases of the thyroid. The brilliant results of this form of treat 
ment led to the search for an ‘‘active principle,’ and this work cu 
minated in the discovery of iodine in the thyroid by Baumann. I 
the year of Baumann’s discovery Kocher,’ who had been much in 
pressed by the similarity of the effects of iodine and thyroid in th 
treatment of goiter, had suggested the desirability of examining th 
thyroid for iodine; the tests made in Berne were, however, negative 

Baumann at first considered the iodine containing substance whi¢ 
he isolated and called iodothyrine to be the active principle of tl 
thyroid; although he recognized later that in the gland much of th 
iodothyrine is in combination with proteins, neither he nor his e 
workers seemed to have entertained any doubt that the iodine we 
very important for the physiological activity of the thyroid. 

Following Baumann’s discovery, determinations of the amount « 
iodine were made in the thyroid in a great variety of conditions; tl 
influence of health, disease, sex, pregnancy, age, locality (near « 
remote from the sea, on the plains, and in the mountains), diet, cl 
mate, etc., was investigated. The amount of iodine in the thyroid 
of a great variety of animals was also determined. Far-reaching col 
clusions were drawn from such studies, especially as regards the rel: 
tion of iodine to the diseases of the thyroid itself (various forms ( 


NN es 


« cf. &. Harnack, Miinchen. med. Wchnschr., 1896, 48, p. 196; G. Monéry, Fonctic¢ 
iodeé de la glande thyroide, Thesis, Lyons, 1903; Th. Kocher, Die Therapie des Kro 
fes, Deutsche Klinik, Berl. and Wien, 1905, 8, p. 1115. 

6 Th. Kocher, Cor. Bl. f. schweiz. Aerzte, 1895, 25, p. 3. 
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) and to various forms of insanity. A vast number of data 
ollected, but these were often contradictory and not easily 


that the iodine is an important constituent of the thyroid. 
objections have been repeated and still others urged up to the 
nt time; they will be considered in detail in the following pages. 
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Part I. 


JE PARALLELISM BETWEEN THE PHYSIOLOGICAL ACTIVITY 
: AND THE IODINE CONTENTS OF THYROID. 


A. HISTORICAL. 


_ The views as to the relation of the iodine to the physiological activ- 
ty of the thyroid may be classified under three heads: (1) Some 
vestigators hold that the activity of thyroid is directly proportional 
‘and dependent upon its iodine content and that thyroid free of 
line has no physiological activity. (2) There is another group of 
iters who take the view that there is no relation between the physio- 
vical activity of thyroid and its iodine content and that no impor- 
nce should be attached to the iodine which is usually present in the 
yroid. (3) Other writers admit that there is a parallelism between 
¢ physiological activity and the iodine content, but deny that the 
mer is dependent upon the latter. Some of those holding this 
2w apparently consider that the iodine is simply associated with 
s active part of the gland in some unknown, perhaps accidental, 
Others hold that the larger amount of iodine in active thyroid 
hits from the activity of the oland itself; they consider that the 
e active the gland the larger the amount of iodine it is able to 
Id in combination. This latter view is closely connected with the 
eory that one of the functions of the thyroid is to take up injurious 
bstances (including iodine) and to render them harmless. 
Some of these theories have been combined. Thus von Cyon 
upposes the thyroid to take up iodine, by which process the latter 
rendered harmless and at the same time a new compound, useful 
an internal secretion, is formed. 
We believe that these conflicting views have resulted partly from 
e failure of previous writers to recognize that thyroid free of 
line has a certain degree of physiological activity and partly from 
fact that there has been a confusion of several distinct problems 
d that authors have often looked upon the subject from but a 
le point of view. 
- Baumann and some of the other earlier workers in this field appar- 
n t 4 ee ined no doubts as to the iodine being an important part 
= “active principle” of the thyroid. They based this view upon 
stiyciological action of iodothyrine in health and disease * and 


@E. Baumann and E. Roos, Ztschr. f. physiol. Chem., Strassb., 1895-6, 21, p. 487. 
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on the fact that iodine is so generally found in the thyroid in heal 
and is apparently absent or present in diminished amounts in certa vl 
forms of goiter. 

Before discussing in detail the chief arguments in favor of Bar 
mann’s view certain of the objections which have been made to 
may be considered. The principle of these objections may be cla 
sified as follows: 

a. Lodine is not invariably found in the thyroids of healthy animal 
when it does occur there are great variations in its amount. | 

b. Artificially iodized proteins, including those of the thyroi 
itself, are inactive physiologically or the activity is not at all propor 
tional to the amount of iodine which has been added; this is als 
true of iodothyrine to which iodine has been added in wtro. 

c. Thymus was reported to be of value in the treatment of goiter 

d. The reputed “active principle” of the thyroid (Baumann’ 
iodothyrine) did not prevent tetany in animals from which the thy 
roids had been removed. 

e. Efficiency of iodine compounds other than iodothyrine in goite: 

These points may now be considered in more detail: 

a. lodine 1s notinvariably present in the thyrord—Miwa and Stoeltz 
ner? early laid great emphasis on this point. They argued that 
the theory that iodine is an essential constituent of the thyroid 
correct, then the absence of iodine in the thyroid of an individu 
would have the same serious effects as the absence of the glan 
itself. They pointed out that Baumann had reported the frequen 
absence of iodine from the thyroid of children, and of dogs fed o 
meat; yet neither the children nor the dogs had shown any ing 3 
tions of thyroid insufficiency. Miwa and Stoeltzner confirme 
Baumann’s observations on the frequent absence of iodine frol 
the thyroids of children; they also stated that the hen’s egg contain 
no iodine and that the young chick thus begins life without iodin 
They emphasized the dependence of the iodine content of the thyroi 
upon the diet. From these facts Miwa and Stoeltzner argued thé 
the iodine usually found in the thyroid has no more significance tha 
the traces of copper so often found in the liver. Similar ‘argumen 
were advanced with great emphasis by Neumeister ° at about tl 
same time; he stated that the iodine of the thyroid has absolute 
no physiological significance. 

These arguments of Miwa and Stoeltzner and of Neumeister hax 
been repeated to the present time; the facts upon which they we 
based have received abundant confirmation.° Thus Topfer in Vient 


a8. Miwa and W. Stoeltzner, Jahrb. f. Kinderh., 1897, 45, p. 83. 
bR. Neumeister, Lehrbuch der physiologischen Chama, 2d ed., 1897, p. 520. 
also Halliburton in Schifer’s Textbook of Physiology, 1898, 1, p. 89. 
¢An abstract of the literature showing how frequently iodine is absent from t 
thyroids of infants is given on page 33 of this bulletin. 
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and no iodine in the thyroids of cattle. Roos’ found no iodine 
the thyroids of three foxes; none in that of a polecat; none ip that 
a wild cat; he found it in but two of six martens; it was absent 
rom the thyroids of four domestic cats and present in but traces, 
or in very small amounts, in those of five others; it was absent in 
four of eleven dogs, in two of four horses, and three of seven hogs. 
In many cases the presence or absence of iodine is dependent upon 
the character of the food which the animal! has received. 

The thyroids of herbivorous animals, whose food usually contains 
nall amounts of iodine, are almost always richer in this element 
jan are those of carnivorous animals, whose food is usually poor in 
iodine.° Sheep pastured near the sea may have double the amount 
of iodine in their thyroid as those pastured 1 in inland regions.4 The 
amount of iodine in the thyroid of omnivorous animals (hog, dog, 
man) is especially variable. Nagel and Roos? found the percentage 
in the dried glands of hogs to vary from 0 to 0.075, although the 
vlands were obtained from the same sete techotees Baumann 
found the percentage of iodine in the thyroid of horses to vary from 
0.06 to 0.17.9 

As a rule it is not possible to detect any difference between the 
animals which have a large percentage of iodine in their thyroids 
and those which contain none or only traces; removal of the gland 
is followed by as severe symptoms in the iter as in the former. 
Thyroid free of iodine seems to meet the needs of the body as well as 
the thyroid that contains iodine.’ 

Human thyroids also contain quite Sie amounts of iodine, 
as was first pointed out by Baumann.’ Jolin’ has recently summar- 
ized the entire literature on the occurrence of iodine in the thyroid 
of man and has reported a very large number of analyses of such 
thyroids obtained in Sweden; he found great variations in the per- 
centage of iodine and was unable to discover any constant relation 
between its presence or amount and conditions of health or disease. 
He asks, “Can not the great variations in the iodine content of not 
only pathologically altered thyroids but also of normal glands, and 
especially the fact that thyroids may be found in adults as well as 
in children which contain no iodine or scarcely traces of it, simply 
depend upon the fact that the iodine is an accidental constituent 


_@Tépfer, Wien. klin. Wchnschr., 1896, 9, p. 141. 

_4E. Rods, Ztschr. f. physiol. Chem., Strassb., 1899, 28, p. 55. 

cE, Hoos, |. c. 

.”. Suiffet, J. de pharm. et chim., Par., 1900, [6] 12, p. 50. 

_ €W. G. Nagel and E. Roos, Arch. f. Poaae und) Physiol., Suppl.-Bd., 1902, p. 267. 
3 FA specimen of hog thyroid examined by us contained 0.33 per cent iodine. 
a Ztschr. f. physiol. Chemie, Strassb., 1896, 22, polls 

1Exceptions to this will be referred to later. 

¢E. Baumann, Ztschr. f. physiol. Chem., Strassb., 1896, 22, p. 1. 

/ 8. Jolin, Festschrift, O. Hammarsten, Upsala, 1906. 
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(nebensachlicher Bestandteil) of the thyroid and its secretion 
He further states that the fact that in the body iodine is. faw 
chiefly in the thyroid “does not prove that the iodine is nece 
for the activity of this gland; it may be explained by supposing ti 
the thyroid has, among other functions, that of taking up an exce 
of iodine in the blood nea storing it.” | 
Several other recent writers have expressed somewhat simil: 
views.“ This point of view is, however, by no means new; Roo 
referred to it in 1899 in the Following words: ‘ 
To consider the accumulation of iodine in the thyroid as an accidental proce 
which has no greater significance for the body than the storing up of certain met: 
in the liver seems to me to be a very unsatisfactory conception; for on it it is enti e 
unintelligible why the thyroid should use the iodine for the making of a substan 
(iodothyrine) which has such a marked effect upon metabolism and myxoeden 
instead of combining it in a much less active form, as occurs when iodine is allow 
to react with proteins outside of the body. 


Such studies as the above (they may be called statistical studies 
have undoubtedly brought to light many facts, some of which a 
difficult to satisfactorily explain. Still they do not seem to us t 
weaken the conclusion that iodine is an important constituent of tl 
thyroid. All the writers who have discussed this subject seem t 
have taken one of two extreme views—that iodine is necessary to an 
physiological activity, or that it has no part at all in rendering tl 
thyroid active. No one seems to have suggested an intermediat 
view, viz, that thyroid free of iodine may have a certain degree « 
activity, although this is much less than that of thyroid containir 
iodine, until one of the present writers discovered that it is distinct] 
active in altering the resistance of animals to certain poisons. Th 
subject will be discussed in detail in the experimental part of th 
section. It will suffice for the present to state that we beliey 
this conception and the conclusions that may be drawn from it £ 
far toward answering the arguments for the unimportance of iodit 
which have been drawn from statistical studies. 

b. Physiological inactivity of artificially iodized proteins and colloid.- 
The question of the relation of the iodine to the activity of the thyroi 
was approached experimentally by Hutchinson,? who prepared ¢ 
artificial iodized nucleo-albumin from the thymus of calves. Sampl 
of it contained from 4 to 7 per cent of iodine; it had no effect 
myxoedema or upon the pulse, temperature, or weight of subjects” 
whom it was administered. Helliné had previously found iodi 


“ Bunge, Lehrbuch der Physiol. des Mensch., od a , 1905, 2, p. 631; S. J. Meltz 
N. Yorker med. Monatschr., 1907, 19, p. 223; “‘Abdethaldiens Lehevual der phys 
Chem., 1907, p. 647. 

6 KE. Roos, Ztschr. f. physiol. Chem., Strassb., 1899, 28, p. 59, 

¢R. Hunt, J. Am. M. Ass., 1907, 49, p. 1325. 

dR. Hutchinson, J. Physiol., 1898-99, 28, p. 181. 

€ D. Wellin, Arch. f. exper. Path. u. Pharmakol., Leipzig, 1897, 40, p. 121. _ 
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umin and nucleo-albumin prepared from the spleen to be inactive. 
um* had also found iodized albumin almost without effect upon 
tabolism. Hutchinson also increased artificially the percentage of 
dine in colloid derived from the thyroid. Although such a product 
sontained nearly ten times as much iodine as the original material, 
it had no greater physiological activity. Hutchinson drew the fol- 
wing conclusions from these results: 
a3 ne would conclude from the whole evidence that the iodine in the thyroid gland, 
ifit plays an essential part in the activity of the latter at all, does so simply in virtue 


Hutchinson had apparently concluded from earlier work that not 
much importance was to be attached to iodine as a factor in deter- 
mining the activity of the thyroid. Thus in 1896 he wrote as follows:° 


essential factor in the activity of the thyroid gland. One has only to realize the 
mall proportion in which it is normally present—only a few milligrams in a whole 
and—to be convinced of that. * * * Baumann has himself failed to find any 
dine at all in the thyroid of some children. Yet I suppose such a gland is none 
the less active. 

_ Blum? and Roos? had also early pointed out that thyroid proteins 
r iodothyrine to which iodine had been added in vitro were physio- 
ically inactive or less active than the natural products containing 
much lessiodine. Blum used this observation as an argument against 
the view that the iodine is a factor in the physiological activity (or 
“toxicity, as Blum denies that the thyroid produces an internal 
secretion) of the proteins of the thyroid; he applied this view also to 
the iodine which has been taken up by the living gland, maintaining 
iat the iodization in vivo is strictly analogous to that in vitro. Roos / 
ndeavored to disprove Blum’s theory by feeding iodine to dogs until 
1e iodine content of the thyroid had been considerably increased; 
he stated that such thyroids showed increased physiological activity. 
Blum? points out that Roos’s figures are hardly conclusive in this 
respect. We have recently studied this phase of the subject, using 
new methods for determining the activity of the thyroid, and have 
completely confirmed Roos’s results. (See Part II of this bulletin.) 
—¢. The value of thymus in goiter—Further arguments against the 
view that the iodine is an important constituent of thyroid have been 
based upon the statements that thymus has an effect in goiter similar 
NR 


a F. Blum, Miinchen. med. Wchnschr., 1898, 45, p. 270. 
5Similar views have been expressed by G. Reinbach, Mitt. a. d. Grenzgeb. d. 


; oR. Hutchinson, J. Physiol.;-1896, 20, p. 494. 
_@¥F. Blum, Miinchen. med. Wehnschr., 1898, 45, p. 335. 
_€E. Roos, Ztschr. f. physiol. Chem., Strassb., 1898, 25, p. 242. 
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to that of thyroid. Since most writers have found either no iodi 
in the thymus or only traces (in which case it was usually attribut 
to admixture with thyroid’) the conclusion has been drawn th 
thymus free of iodine has a physiological effect similar to that 
thyroid. In reply to this it may be stated that later writers seer 
to be agreed that thymus has very little activity in goiter. Eve 
granting that thymus does possess a certain degree of activity of 
character similar to that of the thyroid, this would not prove the 
iodine is not a very important constituent of the thyroid. One « 
the present writers® recently showed that there is present in severs 
organs of the body a substance or substances having a physiologics 
action similar, at least in some respects, to that of thyroid, but tha 
the latter, apparently on account of its iodine content, is far mor 
active. 

d. Inefficuency of vodothyrine in tetany.—Another argument agains 
the view that the iodine-containing substance Godothyrine) obtaine 
from the thyroid by Baumann is the active constituent of the thyroi 
was that it did not prevent tetany in thyroidectomized animals. 
These experiments were performed before the importance of th 
parathyroids was recognized and the investigators were endeavorin 
to control symptoms with which the thyroid had little or nothin 
to do. 

e. Efficiency of vodine compounds other than iodothyrine wm goiter.— 
Baumann argued that iodothyrine was the active principle of th 
thyroid from the fact that its administration produced the sam 
effects upon certain forms of goiter as did that of the thyroid itself 
But attention was called to the fact¢ that a great variety of i1odin 
compounds, both inorganic and organic, had a similar effect in thes 
conditions. Evidently, however, such arguments do not bear direct] 
upon the question whether the iodine is of importance to the thyroid 
Recent work indicates that these different forms of iodine are eff 
cient simply because the iodine has a special affinity for the thyroi 
The effect of iodine in the treatment of goiter is in reality an argt 
ment in favor of the view of the importance of iodine in the thyrox 

A very little consideration suffices to show that none of the aboy 
arguments have any very direct bearing upon the problem with whie 


«J. Mikulicz, Berl. klin. Wchnschr., 1895, 32, p. 342; G. Reinbach, Mitt. a. 
Grenzgeb. d. Med. u. Chir., 1898, 8, p. 309; R. H. Cunningham, J. Exper. Med., 
Y., 1896, 8, p. 227. 

bE. Baumann, Miinchen. med. Wchnschr., 1896, 48, p. 311; R. H. Cunninghai 
l.c.; H. G. Wells, J. Am. M. Ass., Chicago, 1897, 29, p. 1009; L. B. Mendel, Am»? 
Physiol., Boston, 1900, 8, p. 285. 

¢R. Hunt, J. Am. M. Ass., Chicago, 1907, 49, p. 1325. 

d cf. G. von Bunge, Lehrburh der Phesigkose des Menscken, 2 ed., 1905, 2, p. 
E. Roos, Ztschr. f. phivaiol. Chem., Strassb., 1899, 28, p. 41; 1899, 27, p.. 3% 
€ cf. Von Bunge, l. c. 
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are concerned, viz, the use of thyroid as a drug. It is not the 
dition of the thyroid in a living animal which is of interest in this 
anection. There may be and probably are delicate mechanisms by 
shich the amount and strength of the secretion given off by the thyroid 
‘accurately adjusted to the needs of the body. A gland may be 


ay not reach the circulation owing to some abnormalities in the blood 
wr lymph vessels or possibly to the absence of some stimulus which 
jormally causes the secretion of the material. In the body the 
roid which has undergone cystic degeneration may be very 
effective in preserving health; but removed from the body and 
inistered as a drug it may Sete pronounced effects. Similarly 
ve may suppose that in some cases of Grave’s disease the thyroid 
‘ontains normal amounts of active material but that the conditions 
or the rapid secretion or for the reabsorption of the iodine are so 
avorable, or that the capacity of the organism to destroy the secre- 
jon is lowered, so that there is an accumulation of the active ma- 
erial in the body outside of the thyroid. In such a case there might 
ye a condition of hyperthyroidism, but the gland when administered 
0 an animal as a drug might not be very active. In other words, 
he effects of a dead organ when administered as a drug can not be 
ompared with the activities of the living organ in the body. Many 
f the writers who have discussed the relation of iodine to the thyroid 
ave confused these two distinct problems. 

If we now turn to the experiments in which the question of the 
elation of iodine to the thyroid when used as a drug has been ap- 
roached directly, we find that there is no difference of opinion: all 
vho have worked upon the problem from this standpoint agree as to 
he importance of the iodine. Unfortunately, however, the experi- 
nents of this character are very few and the results are not quantita- 
ive. 
~The experiments bearing on this phase of the subject may be 
livided into three groups—(qa) those in which the action of the thy- 
oid upon metabolism, (6) upon different forms of goiter, and (c) upon 
he circulation was investigated. 

The most important work upon the relation between the iodine 
ontent of the thyroid and its effects upon metabolism was done by 
400s,” who recorded the results of three such experiments upon a 
log. In the first experiment the administration of 5 grams of desic- 
ated children’s thyroid containing 0.025 per cent iodine had almost 
0 effect upon the excretion of nitrogen or upon body weight; later 
he administration of 5 grams of children’s thyroid containing 0.18 
er cent iodine caused an increase in the excretion of nitrogen of 
bout 10 per cent. In the second experiment also a greater effect 


@ EK. Roos, Ztschr. f. physiol. Chem., 1899, 28, p. 40. 
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was produced by the administration of the thyroid containing tk 
larger percentage of iodine. In the third experiment, in which t 
dried thyroids of dogs were administered, 5 grams of a preparatic 
containing no iodine had no effect, whereas 5 grams of a preparati 
which contained 0.35 per cent iodine was followed by a distinct i 
crease in the nitrogen excretion and a slight loss of weight. 

Roos’s experiments were very few in number and the results n 
very striking, and perhaps do not justify the very positive conclusio 
he drew from them.? Still they point very distinctly to the conel 
sion that thyroid rich in iodine has a more marked effect upc 
nitrogen metabolism than does thyroid poor in, or free of, iodine. 

Roos also describes the effects of desiccated hog ‘thyroids contak 
ing different percentages of iodine upon four cases of parenchymatot 
goiter. In all cases thyroid free of iodine had a very slight or douk 
ful effect, whereas thyroid containing iodine had a marked action 
reducing the size of the goiter. In one case the use of doses of 0 
gram thyroid containing 0.008 per cent iodine had a distinct effec 
but the effect of the Riintien ia of equal doses of a thyroid co; 
taining 0.08 per cent iodine was more marked. 

Roos himself recognized that only an approximate estimation of 1 
quantitative effects ‘of thyroid was possible either in metabolism e 
periments or in the treatment of goiter. He also pointed out tl 
difficulties of drawing any conclusions from observations upon th 
roid-ectomized animals, and stated that he deemed it useless to t 
this method. 

Oswald tested the activity of thyreoglobulin containing little iod: 
upon metabolism, and von Cyon investigated its effects upon the ir 
tability of the vagi.2 In the two experiments upon metabolis 
reported by Oswald the thyreoglobulin poor in iodine produced | 
effect in one case and very slight, if any, in the other; thyreoglobul 
rich in iodine produced a marked increase in the nitrogen excretit 
Von Cyon reported that thyreoglobulin obtained from colloid goite 
and which contained 0.19 per cent iodine had a distinct effect up 
the irritability of the vagi, but that this was less than that produc 
by normal thyroid with a higher percentage of iodine. Von Cy 
and Oswald* had already found thyreoglobulin free of iodine ¢ 
tained from goitrous calves to be without any effect upon the circu 
tion. Oswald further states that thyreoglobulin from hog thyroid e 
taining 0.5 per cent iodine seemed more active than that of the hum 
thyroid with 0.3 per cent iodine.4 


«cf. F, Blum, Verhandl. d. Kong. f. inn. Med., 1906, 23, p. 196. 
b A. Oswald, Arch. f. path. Anat. [etc.], Berl., 1902, 169, p. 461; Beitr. z. ch 
Physiol. u. Path., Brnschwg., 1902, 2, p. 555. 
¢ E. von Cyon and A. Oswald, Archiv. f. d. ges. Physiol., Bonn, 1901, 83, p. 20; 
2A, Oswald, Beitr. z. chem. Physiol. u. Path., Brnschwg., 1902, 2, p. 556 (footne 
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Marine and Williams” have recently reported two experiments on 
e effects of feeding desiccated sheep thyroid containing different 
reentages of iodine to dogs. Of one preparation which contained 
0292 per cent iodine 11 grams fed to a dog in eighteen days did not 
use a loss of weight, and the fresh thyroid of the dog on analysis 
ielded but 0.173 milligram iodine per gram. The second prepara- 
ion had 0.1092 per cent iodine. The dog which received 11 grams 
f this in eighteen days lost 454 grams weight and its fresh thyroid 
ontained, per gram, 0.439 milligram iodine; 

‘hese experiments, although very few in number and not of : 
haracter to admit of quantitative results, indicate clearly that there 
.a relation between the iodine content and the physiologic: ‘al activity 


f thyroid preparations. 


B. EXPERIMENTAL. 
METHODS. 


None of the methods discussed in the above review are suitable 
ra quantitative study of the physiological effects of different 
ayroid preparations. They are all time-consuming, and so do not 
it of many experiments; furthermore, they are not adapted for 
nowing small differences in activity. They did not suffice, for 
sample, to demonstrate the physiological activity of thytoid free 
f iodine. It may also be mentioned that different animals and 
ifferent patients may react differently to the same preparation; 
ais has been observed both clinically and experimentally. If it 
ere possible to test the various thyroid preparations upon the same 
\dividual fairly concordant results could probably be obtained, but 
ich experiments are, as a rule, not feasible. 
Before beginning the eeaion of the method which forms the 
asis of the experiments described in this bulletin a few words may 
tition in regard to some observations which we have made upon the 
‘lation between the activity of thyroid preparations and the loss 
1 body weight which their ingestion may produce. Many of the 
‘sults are given in the Bi ctocol of the experiments which follow, 
ut in addition to these several experiments were performed expressly 
r determining whether a method based upon the loss in weight of 
e animals could be used for estimating the relative activity of 


aD, Marine and W. W. Williams, Archives of Internal Medicine, 1908, 1, p. 378. 

b The fact that there are such variations in the susceptibility of different individuals 
n not be considered an argument against the desirability of having thyroid prepara- 
ns of known strength. It is especially important that when the susceptibility of a 
tient to a given drug has been determined that treatment should be continued with 
reparation of known strength—not with one half or three times as strong, as May 
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thyroid preparations. The figures given in the protocols show the ] 
of weight for relatively short periods (ten to twenty days) and 
not hone that the method is of practical application. In t 
special experiments which were undertaken the animals (rata a 
guinea pigs) were fed during longer periods or until death oceu 
The results’ showed that in general the thyroid with the largeatil 
centage of iodine produced death earliest, but in no case was m 
than a rough quantitative application of the data possible. It 
probable that the primary effect of thyroid feeding is the same 
different animals, but that other factors, such as appetite, rate 
excretion, etc., W hick can not be contains are involved, and the 
ae the ee result. 

The method which we have developed for comparing the physiok 
ical activity of different thyroid preparations has for its basis t 
effect of thyroid feeding upon the resistance of animals to certs 
poisons. Having found that the administration of thyroid alte 
the resistance of animals to certain poisons, we performed a lar 
number of experiments in order to determine which poisons W 
most suitable for comparative studies. The principal poisons test 
on mice are included in the following list, and in most cases, as W 
be seen, negative results were obtained. With many of the compoul 
in the list but two or three experiments were performed; hence 
can not state positively that the feeding of thyroid in these 
had no effect upon the resistance to the substance in question. 
thyroid, in amounts varying from 0.001 to 0.1 gram per day, 
fed in the form of cakes; the poisons were injected subcutaneous 


Acetonecyanhydrine.............-...-Resistance slightly increased (?). 
Acetomitrile: 29 Fo Sy os eee Resistance much increased. 
Acetylmorphine (‘‘Heroin”)........-. Resistance diminished. 
Aphipyrime ssc o>. TS ees eee eee No effect. 
AAPOPMS A550: 5. <2 =o io See No effect. 

ROM ECHIMIIND. bo 3 0 52) 2 ieee No effect. 
Butylcarbylamine (tertiary). .......-- No effect. 
Oaiiaine 2h et oe ee ee No effect. 
CRpIONILFIC.: fst 2X ca eons No effect. 
Chipral hydrate. 2.2 -s.h. cbs eas Resistance diminished(?). 
WOdeIe Te tS or ile tod en eee Resistance diminished. 
Rthylearbylanine 6522-2 50te sep eee No effect. 

Bibylegervanide®: <2. tse ene Resistance increased. 
Guanidine carbonate... :'........--..- No effect. 
Guanidine sulphocyanate..............No effect. 
Byatneyaris, acid sce). ons ee No effect. 
Isovaleraldehydecyanhydrine. . ......No effect. 
Moth vlemiine: .\.0. «. 2:55 2a ak eee No effect. 
Methylethylketonecyanhydrine........No effect. 
MOPDOIGE Siocon «eg oe chee Resistance diminished. 


NICoMne Ss. 6 tick te See eee No effect. 


_ Nitroprussiate of soda...............No effect. 
MI ae cos Gs oposite. esse No effect. 
ER oe cles cage do an et see's No effect. 
MIRTN ws ..%,--.-.---+----------NO effect. 


mem preenate.....................-No effect. 
MUPERIOLO.....5..-...-2..--...-. No effect. 
gs No effect. 
Trimethylenecyanide............... Resistance increased. 


he poisons to which the resistance of mice was most markedly 
Itered by the feeding of thyroid were acetonitrile and morphine. 
ince the susceptibility of rats and guinea pigs to these poisons was 
a by the administration of thyroid, they were selected for 
parative studies. 

‘The advantages of a method of this kind are that the experiments 
re quickly and easily carried out and that they admit of the detec- 
ion of smaller differences in activity than do the methods hitherto 
mployed. It is not possible to state positively that the physiological 
etivity determined in this manner is in all respects a true index of 
he therapeutic efficiency of the thyroid, but there are many reasons 
wr believing this to be the case. In the first place, thyroid is pre- 
minently a drug that influences metabolism, and the changes in the 
asistance of animals to the poisons here considered depend upon 
eep-seated, although little understood, changes in metabolism. In 
he second place, the results obtained are in complete accord with 
hose observed in clinical studies and with those obtained by other 
hysiological methods. In any case there seems to be much reason 
wr supposing that these reactions are as true an index of the real 
hysiological activity of thyroid as is its effect upon the excretion of 
rea or upon the circulation. 

The experiments were performed upon mice, rats, and guinea pigs. 
‘he thyroid was fed to guinea pigs in the form of tablets; to mice 
nd rats in the form of cakes, according to Ehrlich’s method. Each 
ake weighed about 4 grams; mice ate about one cake, rats from one 
nd a half to three cakes per day. The poisons were dissolved in 
rater and injected subcutaneously. 


1. EXPERIMENTS WITH ACETONITRILE. 


Acetonitrile or methyleyanide, CH,CN, seems to produce toxic 
fects chiefly, if not entirely, through the slow liberation in the body 
f hydrocyanic acid. The views as to the manner in which this 
mation of hydrocyanic acid takes place have been discussed in a 
revious bulletin from this laboratory.“ An additional argument for 
he view that the toxic effects of acetonitrile are due to the formation 


@ Bulletin 33: Studies in Experimental Maghelen. 1907, p. 9. 
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of hydrocyanic acid may perhaps be found in the comparison of t 
effects of these two poisons upon sulphur metabolism. In the pul 
lication referred to above it was stated that under the influence 
acetonitrile the “‘percentage of sulphur excreted as neutral sulphi 
frequently rose from 25 to 65 or more; the total excretion was m 
much changed, but the oxidized sulphur frequently almost disaj 
peared.”’ Results very similar to the above have recently bee 
obtained by Richards and Wallace,“ and by Loewy, Wolf, ar 
Oesterberg® with potassium cyanide and hydrocyaniec acid. 
Richards and Wallace found in one experiment upon a dog poisone 
with potassium cyanide that while the total amount of sulpht 
eliminated remained unchanged the percentage eliminated in th 
oxidized state was 64.53 on the normal day and 48.78 on the day « 
poisoning. Loewy, Wolf, and Oesterberg found that in sever 
poisoning by hydrocyanic acid the sulphur eliminated as neutra 
sulphur increased from 28.6 per cent to 54.8 per cent. The greate 
effect upon the sulphur metabolism observed in our experiment 
was probably due to a more prolonged action of the hydrocyani 
acid. 
As has been already stated, the administration of thyroid causé 
marked changes in the susceptibility of animals to acetonitrile 
Since thyroid does not alter the resistance of animals (or at least « 
mice) to hydrocyanic acid,’ it may be concluded that its action 1 
exerted chiefly upon the processes by which acetonitrile is decon 
posed in the body and not upon the hydrocyanic acid which is forme 
from it. In fact, acetonitrile seems to be a very delicate test fe 
detecting changes in metabolism brought about not only by tl 
thyroid and certain other organ products,? but by different diets 
inanition, ete. | 
a XPERIMENTS ON MICE. 


Preluminary expervments and theoretical considerations.—W hen, sma 
amounts of thyroid are fed to mice for a few days these anima 
acquire a markedly increased resistance to acetonitrile. This 
true not only for white but also for wild gray mice, although most | 
the experiments were performed upon, the former, and unless othe 
wise stated, white mice are referred to in all of the following expe 
ments. 

The following results may be quoted to illustrate from what lar 
amounts of acetonitrile mice which have received small amounts 


aA.N. Richards and G. B. Wallace, J. Biol. Chem., 1908, 4, p. 179. 

b A. Loewy, C. G. L. Wolf, and E. Oesterberg, Biochem. Ztschr., 1908, 8, p. I 

eR. Hunt, J. Biol. Chem., 1906, 1, p. 42. . | 

dJ. Am. M. Ass., 1907, 49, p. 1325. 

é Proc. Soc. Exper. Biol. and Med., 1906, 8, p. 15. These results will soon 
published in detail. 
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roid may recover. Only those experiments are quoted which 
w the maximum non-fatal and the minimum fatal dose: 


Series I. 
A. SHEEP THYROID; 0.179 PER CENT IODINE. 


Weight 


of mouse Remarks. 


22.62 | Feeding of cakes each containing 0. 002 gm. thyroid begun. 
23.35 | Acetonitrile, 105.08 mgms., i. e., 4.5 mgms. per gm. mouse. Survived. 
elas, 22.56 | Thyroid as above. 


20.28 | Acetonitrile, 93.29 mgm., i. e., 4.6 mgms. per gm. mouse. Died 2 hours. 


B. CONTROLS. 


18.83 | Feeding of cakes without thyroid begun. 

20. 01 

20.19 

19.02 | Acetonitrile, 4.76 mgms., i. e., 0.25 mgm. per gm. mouse. Survived. 


16. 49 | Cakes as above. 

15. 56 

15. 79 

16.31 | Acetonitrile, 4.24 mgms., i. e., 0.26 mgm. per gm. mouse. Died 10 hours. 


K ummary.—The results of these experiments may be summarized 


1s follows: 
a 


Amount of acetonitrile 


in mgms. 
Gm. thy- Wer. iin Weight of a” 
ee ep ae 
Per mouse. phon 

0. 002 0. 0036 23. 35 105. 08 4.5 | Survived. 

002 0036 20. 28 93. 29 4.5 | Died. 
 ... 0 0 19. 02 4.76 .25 | Survived. 

0 0 16. 31 4,24 .26 | Died. 

| 


_ Thus a mouse (A) which had received thyroid recovered from seven- 
feen times the relative amount of acetonitrile fatal to the control. 
ince 0.25 mgm. per gram is the maximum amount of the nitrile from 
hich a control (B) recovered, we are justified in assuming that this 
presents the maximum amount of nitrile which the mice of this series 
uld, under normal conditions, neutralize; for a mouse weighing 23.35 
ns. this would be a total of 5.84 mgms. The mouse which weighed 
) 3.35 ems. and which had received thyroid recovered, however, 
Tom 105.08 mgms. Hence we may conclude that the thyroid had 
nabled the mouse to neutralize, or resist in some way, 99.24 mgms. 
cetonitrile. The mice seldom ate an entire cake (containing 0.002 
sm. thyroid) in a day; hence they had received less than 20 mgms. 
yroid in all. 


Af 


SS ee 


ee ee 


Series IT. t. a 
A. DOG THYROID; 0.111 PER CENT IODINE aa 


Weight : ‘_ ) 
Date pe pe cara Remarks. 4 ap | 
1908. 
[NS gat Oe yap 15.83 Feeding of cakes each containing 0.0015 gm. thyroid begun. 'G 
| Ee 14.05 | -. 
1 Foc Mia pee 13.94 Acetonitrile, 64.14 mgms., i. e., 4.6 mgms. per gm. mouse. Survived. 
| > 
B. CONTROLS. 
1908. | a 
May pO. 19.00 | Feeding of cakes without thyroid begun. . “a | 
ee eo 19. 86 - eam 
5 | Stee lee 19.52 | Acetonitrile, 5.47 mgms., i. e., 0.28 mgm. per gm. mouse. Died 6 hours. 


Summary.—The results of these experiments may be summa: ize 
as follows: 4 


Li 
- 


Amount of acetonitrile 


i i 
Gm. thy- | spon tin | Weight of ae 
roid fed na a mouse in |———— 
daily. to gms. ‘ast arn: 
Per mouse.) 4) ie 5 
) Oe eee 0. 0015 0. 0017 13. 94 64.14 4.6 | Survived 
1S oe Ey eee eee PRE Tn a 0 0 19. 52 5. 47 .28 | Died 


The mouse which had received the thyroid recovered from me 
than sixteen times the relative dose fatal to the controls. <A total 
less than 15 mgms. of thyroid had led to the physiological neutra 
tion of at least 60.24 mgms. acetonitrile. 


Series III. 
A. SHEEP THYROID; 0.19 PER CENT IODINE. 


Date Bi ot Remarks. 
1908. 
March 28....... 15.93 | Feeding of cakes each containing 0.001 gm. thyroid begun. 
Se 14. 88 
EDT D325 2 op: 15. 20 
foes enon 14. 33 
Bere os 14.74 | Acetonitrile, 67.80 mgms., i. e., 4.6 mgms. per gm. mouse. Survived. 
Marfeh 28..::... 16.85 | Thyroid as above. 
ae 14. 24 
te 14. 90 _ 
jf Ae 14.40 | Acetonitrile, 71.12 mgms., i. e., 4.8 mgms. per gm. mouse. Died 14 hours. 
B. CONTROLS. 
1908. 
March 28....... _- 14.30 | Feeding of cakes without thyroid begun. 
= 5 ae 12. 88 
Meet 3522.5. | 13.15 | Acetonitrile, 5.06 mgms., i. e., 0.4 mgm. per gm. mouse. Survived. 
PPE eae 
March 28....... _-15.35 | Cakes as above. 
Bic cea | 15. 06 
| ree A TT 
Va oe 12. 60 


Tie Ree 12.04 | Acetonitrile, 5.06 mgms., 1. e., 0.42 mgm. per gm. mouse. Died 1? hours. 


* 
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vmar —The results of these experiments may be tabulated 


yws" 
QO eo WY 


Amount of acetonitrile | 


Gm. M Lin | Weight of Pass ium 
thyroid thyroid. mouse in |——_—_____————|_ Result. 
fed daily. gms. Per mouse,| Per sm 
*| mouse 
See 0. 001 0. 0019 14.74 67.8 | 4.6 | Survived. 
001 0019 14. 40 71.12 4.8 | Died. 
ee 0 0 12. 64 5. 06 4 | Survived. 
0 0 12. 04 5. 06 42 | Died. 


‘he mouse which had received the thyroid recovered from about 
ven times the dose fatal to the controls. A total of less than 
mgms. of thyroid had enabled the mouse to neutralize about 
8 mgms. acetonitrile. 

Series IV. 


A. SHEEP THYROID; 0.32 PER CENT IODINE. 


| Weight 


of mouse. Remarks. 


A 


1 28. J Bee. 18.10 | Feeding of cakes, each containing 0.0005 gm. thyroid, begun. 
ee sas - 19. 22 
- See 18. 91 
= ----- 18.91 | Acetonitrile, 62.40 mgms., i. e., 3.3 mgms. per gm. mouse. Survived. 


ee 13.48 | Thyroid as above. 
a 14. 58 
eects. 5. 15.03 | Acetonitrile, 52.60 mgms., i. e., 3.5 mgms. per gm. mouse. Died 63 hours. 


B. CONTROLS. 


18.98 | Feeding of cakes without thyroid begun. 
8. Ss a Se Acetonitrile, 10.94 mgms., i. e., 0.56 mgm. per gm. mouse. Survived. 
Cakes as above. 


Acetonitrile, 10.92 mgms., i. e., 0.58 mgm. per gm. mouse. Died 7 hours. 


Summary. —The results of these experiments may be tabulated 
s follows: 


Amount of acetonitrile 
Gm. M Lin Weight of pa 3 gt 
thyroid fed eeyrotd SEIS Result. 
daily. : gms. Per gm. 
Per mouse. mouse. 
a 0. 0005 0. 0616 18. 91 62. 4 3.3 | Survived. 
, . 0005 . 0016 15. 03 52. 6 3.5 | Died. 
Sees kc --..--..-- 0 0 19. 53 10. 94 .56 | Survived. 


0 0 18. 83 10. 92 . 58 | Died. 
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The mouse which had received the thyroid recovered from a d 
of acetonitrile about six times as large as that fatal to the contro 
Less than 5 mgms. of thyroid had led to the physiological neut ra 
zation of Rei 51.8 mgms. of acetonitrile. 


SERIES V. 


A. HOG THYROID; 0.38 PER CENT IODINE. 


Weight 
Date. of mouse. Remarks. 
1907. : | 
January 9....-. 19. e Feeding of cakes, each containing 0.0001 gm. thyroid, begun. . 
14.552 19. | 
PT 255: 18. 82 | 
190554 18.80 | Acetonitrile, 18.8 mgms., i. e., 1 mgm. per gm. mouse. Survived. | 
January 9..... 13. 83 | Thyroid as above. 
Lt Sa 15. 45 
LW Ga 14. 47 
iL etaa 13. 65 > 
2a ae 13.65 | Acetonitrile, 17.75 mgms., i. e., 1.3 mgms. per gm. mouse. Died 2} hours. 
B. CONTROLS. 
- 
1907. 
January ‘9. ..<- 16. 45 | Feeding of cakes without thyroid begun. 
i) ee 15. 52 
if ae 15. 16 
19ERe es 15.07 | Acetonitrile, 5.73 mgms., i. e., 0.38 mgm. per gm. mouse. Survived. 
January 9....- 15.25 | Cakes as above. 
1 eee 15. 90 
1 fears 14. 70 
19mee es 13. 82 it 
DOs 13. 43 | Acetonitrile, 5.51 mgms., i. e., 0.41 mgm. per gm. mouse. Died 5 hours. 


Summary.—The results of these experiments may be summariz 
as follows: 


Amount of acetonitrile 


Gm. M Tin Weight of ati Pe 
thyroid fed on. mouse in |— 
: thyroid. 
daily. gms. Per 
Per mouse. Sroiie. 
Se IA Coe ore le 0. 0001 0. 00033 18. 80 18.8 
0001 . 00033 13. 65 17. 75 
Nets ad oie oa eis nea ta sro Oe 0 0 15. 07 5. 73 
0 0 13. 43 5. 51 


The mouse which had received thyroid recovered from appro2 
mately two and one-half times the dose of acetonitrile fatal to t 
controls. A total of about 1 mgm. thyroid had enabled the mou 
to resist 11.5 mgms. acetonitrile. 

We have performed no experiments for the special purpose 
determining either the maximum amount of nitrile which may 
neutralized under the influence of thyroid or the minimum amou 
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thyroid which produces a physiological effect. It is evident, how- 
, from the above that as little as 0.1 mgm. of dry thyroid fed 
ly for eleven days produced a marked effect; still smaller amounts 
iid doubtlessly have produced a distinct effect. 
_ As was shown in a previous paper,” this reaction of mice is a very 
licate test for thyroid. A few milligrams of thyroid mixed with a 
rge amount of blood or of toasted bread, tamarinds, liquorice 
powder, etc. (as in the case of a number of the secret ‘“‘antifat’’ nos- 
‘rums), may readily be detected. We have found no other sub- 
stance with an effect upon the resistance of mice to acetonitrile at 
ul comparable to that of thyroid. This physiological test for thy- 
roid is far more delicate than any chemical method for its detection.” 
In most of our experiments the thyroid was fed for nine or ten 
days before the injection of the nitrile. This period was selected in 
art arbitrarily and in part because we were convinced that it was 
sufficiently long for the maximum effect of the thyroid to have been 
es A very distinct effect was, however, present in a much 
horter time; thus mice which had received pabhor large amounts 
an active a eoid preparation for but two days recovered after the 
njection of twice the dose of nitrile fatal to the controls. 
We have few data as to how long the effect of the thyroid continues 
ufter the feeding is discontinued. We have observed in some cases, 
however, that he increased resistance persisted, although it was less, 
lor at least two weeks. 
- Conditions mfluencing the resistance of mice to acetonitrile.—Dif- 
ferent groups of mice vary in their susceptibility to acetonitrile; 
lence in carrying out a series of experiments with this substance it 
s absolutely indispensable to have mice which have been kept under 
iniform conditions. In testing the effect of thyroid it is also necessary 
o have a number of als. for each series of experiments. With 
hese precautions we have rarely failed to obtain entirely concordant 
esults and have as a rule determined the fatal dose of the nitrile 


aR. Hunt, J. Am. M. Ass., 1907, 49, p. 240. 

DAs was pointed out in ae paper referred to above, this method seemed adapted 
o throw some light on the question whether there is an excessive amount of thyroid 
retion in the blood in cases of Grave’s disease. So far we have been able to test 
ie blood in only three such cases. In one of these the blood had a marked effect in 
sing the resistance of mice to acetonitrile, indicating an excessive amount of 
nyroid secretion. In another case the results were doubtful; the amount of blood 
ee for even two experiments. In the third case the results were nega- 
Possibly this test may have some diagnostic value, although on the thyroid 
heory of Grave’s disease it is not necessary to assume that an excess of thyroid secre- 
on is present in the blood at all times. So far as our observations go it is probable 
hat the best results would be obtained by administering 1 or 2 c. c. of the blood to 
ice daily for nine or ten days before testing with the nitrile. Several controls 

mice fed with normal blood) are indispensable. 
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to within 0.01 mgm. per gram body weight. The protocols of tl 
experiments described later show what satisfactory results may, 
with careful work, be obtained. | 

It has not oe possible to determine all the causes of the diffe 
ences in susceptibility of different groups of mice to acetonitri 
Diet seems, however, to be the most important single factor; mic 
kept on certain diets for long periods may be many times as resistan 
as others of the same age and weight kept on a different diet. 

Another very important factor in the toxicity is the season. We 
have records of experiments performed in each month for three and 
in some cases for four years. Although the diet was approximatel 
the same throughout the year, the mice were invariably more sus 
ceptible to the acetonitrile during the summer than during the winte 
months. The following table shows the average fatal dose (in milli 
grams per gram) determined during different months: 


“OTE Ci alae eles St pete 0, 06 | Mays. :cecsc ip aecceeae 0.30 | September........ 0. 
PRE Sn Se es ci 256 "| JUMe: 3c 26% eee .28 | October ..... stance 
RRCH oe ick cy. shee ce’ 186°) Salyers ck eee . 31 | November ........ 
APA tect. eee sk aes 53 |. AUQUSL: c-cececeeens 18 | December ....552: 


There were greater variations (in different series of experiments 
in the winter than in the summer months, but in only three cases 
were the figures as low as the average for the summer months. 
During the winter months the mice were kept in a room heated t 
75° F. (23.9° C.); hence it is not probable that the temperature was 
the only factor. 

On the manner in which thyroid influences the resistance of mice to 
acetonitrile —We are unable to suggest any entirely satisfactory 
explanation of how the feeding of thyroid protects mice agains 


a). W. Harrington (Am. J. Physiol., 1898, 1, p. 385) has recorded some very inter 
esting experiments on the relation of season to the susceptibility of the guinea pig 
anesthetics and operative procedures; the resistance was very low from February t 
May and highest from October to January. Stimulation of the vagus was more effec 
ive in stopping the heart during the fall and winter than during the spring month 
Prof. ©. W. Edmunds, of the University of Michigan, found frogs to be much less resis 
ant to digitalis in April than during the summer months. 

The following statement of F. C. Koch (Proc. Am. Pharm. Ass., 1907, 55, p. 371 
is very interesting in this connection: ‘‘I have recently had occasion to determi 
the per cent of iodine in unadulterated desiccated sheep thyroids prepared at differe 
seasons during the last two and one-half years, and found that the desiccations witho 
exception test as much as three times higher during the winter months than d 
June and July, and that the per cent gradually diminished toward the summer mon a 
and then again gradually increased toward the winter.”’ 

Although it is very probable that the differences found by Koch depend uf 
differences in diet, it is remarkable that the time of the minimum amount of iodi 
in sheep thyroid should coincide with the period of least resistance of mice to acetol 

trile; as we shall see later the resistance of animals to acetonitrile is closely dependeé 
upon the amount of iodine which their thyroids contain. 
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The effect is the reverse of the one which was antici- 
ed from certain theoretical considerations and which led us to 
form the experiments. Inasmuch as the view that one of the fune- 
ms of the thyroid is to neutralize poisons is very widely held and, 
the ‘‘neutralization”’ (or rendering harmless) of acetonitrile 


er ‘‘poisons’’ to which reference is so frequently made are purely 
rypothetical—a few words may be devoted to this subject. In the 
inst place, there is certainly no reason to suppose that there is any 
rect chemical neutralization of the acetonitrile by the thyroid— 
an interpretation which some have placed upon our previously pub- 
lished results. Not only is it impossible to think of any way in which 
such a neutralization could occur, but the amounts of the nitrile 
which may be rendered harmless are so out of proportion to the 
amounts of thyroid fed that any such interaction is highly improba- 
ble. It was shown in the experiments quoted above that from 1 to 
20 mgm. of thyroid fed during the course of nine or ten days enabled 
mice to resist the toxic effects of from five to ten times an equal weight 
of acetonitrile. By far the greater part of the thyroid is doubtlessly 
made up of physiologically inert material; hence the disproportion 
between the amount of poison ‘‘neutralized”’ and the ‘‘neutralizing”’ 
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agent is still greater. It is interesting to compare in this respect the 


effect of a very active substance—iodothyrine—derived from the 
thyroid. 

k. Experiment, February 10, 1908: The iodothyrine used in this 
experiment was a commercial preparation (Baeyer) stated to contain 
1 part of iodothyrine mixed with 309 parts of milk sugar;° it contained 
0.014 per cent iodine. 


A. IODOTHYRINE (BAEYER). 


Pate. Weight of 


ToLise. Remarks. 
1908. 
February 1... 19.43 | Feeding of cakes each containing 0.005 gm. iodothyrine begun. 
ea 18. 60 
4 Sece 17. 55 
a ee 17.30 | Acetonitrile, 43.25 mgms., i. e., 2.6 mgms. per gm. mouse. Survived. 

Be 3 

February 1....| 20.40 | Iodothyrine as above. 

‘2 ll 19. 76 

¥ ‘ose 19. 70 

* Oe. 19.07 | Acetonitrile, 49.58 mgms., i. e., 2.6 mgms. per gm. mouse. Died 1 hour. 


a With the exception of two nitriles closely related to acetonitrile (see p. 20-1). 
b See New and Non-Official Remedies, 3d ed., 1908, p. 74. 
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B. CONTROLS. 


| Weight of 


» Murs by w 
Date. tape’ | Remarks. ok 
2 
1908. | | 
February 1.... 18.83 | Feeding of cakes without iodothyrine. 
Asse 20. 01 
TS. See 
yr) ee 19.02 | Acetonitrile, 4.76 mgms., i. e., 0.25 mgm. per gm. mouse. Survived. 
February 1 16.49 | Cakes as above. 
: : ee 15. 56 
1 pH 15. 79 
1037S 16.31 | Acetonitrile, 4.24 mgms., i. e., 0.26 mgm. per gm. mouse. Died 10 hours. a 


Summary.—0.005 gm. of the milk sugar trituration was fed; thi 
mixture contained only 1 part of the true iodothyrine in 310. Hene 


there was fed daily but 0.0161 mgm. iodothyrine. The results ar 
summarized in the following table: 


Amount of acetonitrile 
Mgm. true | Mgm. in | Weight of in mgms. os 
otras ine iodo- | mouse in | ——————_~——————||_ Result, 
fed daily. | thyrine. gmis. Per gm. 
Per mouse. mouse. 
SAS eo eS) ree | 0.0161 0. 00000225 17. 30 43. 25 20 Recoverec 
- 9161 - 00000225 19. 07 49. 58 2.6 Died. 2 
er ae ee class oe ee | 40 0 19. 02 4. 76 oD Recovered. 
0 0 16. 31 4.24 . 26 Died. j 


Thus a mouse (A) which had received iodothyrine recovered frot n 
nearly ten times the relative amount of acetonitrile fatal to the controls 
Since 0.25 mgm. per gram is the maximum amount of acetonitrile from 
which a control (B) recovered, we are justified in assuming that thi 
represents the maximum amount of the poison which a mouse of this 
series could, under normal conditions, neutralize; for a mouse weigh 
ing 17.30 gms. (A) this would be a total of 4.33 mgms. The mous 
which weighed 17.30 gms. and which had received iodothyrine recov 
ered, however, from 43.25 mgms. Hence we may conclude that th 
Peothyeae Bea enabled the mouse to resist in some way the poisonou 
effects of 38.92 mgms. acetonitrile. The total amount of iodothyrin 
which the mouse had received in ten days was somewhat less tha 
0.161 mgm. Thus one part of true iodothyrine fed to a mouse in th 
course of ten days had enabled it to resist more than 240 times a 
equal weight of acetonitrile. a. 

Although we speak of the poison being ‘‘neutralized” when 
mouse, as a result of the administration of thyroid, recovers fror 
several times the fatal dose of acetonitrile, it is very probable tha 
there has been no neutralization whatever. The effect is probably 
preventive one—that is, the thyroid in some way prevents the forms 
tion of a poison from the nitrile. The basis of this suggestion is tl 
fact that the feeding of thyroid has no effect upon the toxicity: 
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ydrocyanic acid itself, the poison produced from the nitrile.¢ The 
thyroid seems to alter the metabolism in such a way that the aceto- 
nitrile is disposed of without its breaking down into poisonous con- 
stituents, as occurs in the normal animal.’ Were there a direct 
interaction between the poison and the thyroid the same results would 
be expected in all classes of animals; but as we shall see, thyroid not 
only does not protect rats and guinea pigs against acetonitrile, but 
it increases their susceptibility to this poison. 

The activity of the thyroid in relation to acetonitrile is in sharp 
contrast to that of certain sulphur compounds. The latter are true 
antidotes for acetonitrile as well as for many other cyanogen com- 
pounds.° The hydrocyanic acid which is formed from these com- 
pounds as well as hydrocyanic acid administered as such is neutralized 
by sulphur with the formation of sulphocyanate; the latter compound 
is less toxic to warm-blooded animals than the cyanogen compounds 
themselves. The action of the sulphur compounds is the same in all 
classes of animals investigated. 

An hypothesis similar to that which was advanced above to explain 
the manner in which the feeding of thyroid increases the resistance of 
mice to acetonitrile—that the thyroid simply alters metabolic pro- 
cesses in such a way that a poisonous substance is not produced from 
the nitrile—seems sufficient to explain what is frequently called the 
detoxicatory action of the thyroid. In the normal organism the 
thyroid probably has a directing influence upon metabolism of such a 
character that all the products of metabolism are converted into 
useful or at least harmless compounds. In the absence of the thyroid 
the metabolism probably proceeds along abnormal lines, with the 
result that substances necessary for the proper functioning of certain 
organs are not formed; possibly poisonous substances are also pro- 
duced, although the evidence is against this supposition.’ This 
hypothesis seems more reasonable than one assuming that poisonous 
substances are normally produced and that an organ has been evolved 
for the purpose of neutralizing them. 


“This argument is, of course, by no means conclusive. It is possible that after the 
feeding of thyroid hydrocyanic acid is produced from the nitrile, but in such a manner 
or in a place where it can be neutralized by the body, whereas when hydrocyanic acid 
itself is administered it may not reach the cells or parts of cells where neutralization 
is possible. A study of the sulphocyanate excretion of thyroid fed mice after the 
administration of acetonitrile might throw some light on this subject. 
6 Another possibility which may be considered in this connection is that mice may, 
under the influence of thyroid, utilize acetonitrile for the synthesis of protein or other 
nitrogen-containing bodies. Latham (Biochem. J., 1908, 3, p. 193) believes that 
certain nitriles are utilized in this way in the normal animal. 
 ¢See R. Hunt, Arch. internat. de pharmacodyn. e. d. ther., 1904, 12, p. 447. 

~4The blood of thyroidectomized animals is not, according to a number of writers, 
toxic; cf. L. Launoy, Semaine méd., Par., 1908, 28, p. 382; D. Baldi, Arch. ital. de 
biol., Turin, 1899, 31, p. 281. 
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It seems unnecessary to divide the functions of the thyroid int« 
‘metabolic’ and ‘‘detoxicatory,”’ as is sometimes done. It is suf 
ficient to recognize that the thyroid has certain effects—for the mos 
part unknown—upon metabolism. Under normal conditions these 
effects lead to the formation of useful substances or promote in othe 
ways cellular activities. When an unusual poison, such as acetonitrile, 
is introduced into an animal under the influence of thyroid, its fate wil 
depend upon how the animal’s metabolism as regards this poison has” 
been affected by the thyroid; the latter alters the metabolism of the 
mouse in such a way that the acetonitrile is rendered harmless or i 
prevented from becoming harmful, but it alters the metabolic pro-. 
cesses of rats and guinea pigs in such a way that the acetonitrile 
becomes much more harmful. In a somewhat similar way certain 
processes of oxidation proceed along definite lines; for instance, when 
a poison such as ethyl alcohol is introduced into the body these 
processes of oxidation destroy it, thus not only making it harmless, 
but the body is enabled to utilize the energy set free. In the case of 
methyl alcohol, however, although the oxidation may proceed alor o 
similar lines, part of the alcohol is converted into substances (forma 
dehyde and formic acid) more poisonous than the original substance, 
The fate of acetonitrile in the body of a mouse to which thyroid has 
been administered may be compared to the fate of ethyl alcohol; 
that of acetonitrile in the body of a rat which has received thyroid 
to that of methyl] alcohol. 


; 
; 


}. EXPERIMENTS WITH ‘“‘IODINE FREE”’ THYROID. 


The question whether thyroid free of iodine has any physiological 
activity has, like the entire question of the relation of iodine to the 
thyroid, been approached from two points of view. Those who hay 
considered it from the standpoint of the activity of a living gland im 


a By “‘iodine free” thyroid we mean thyroid which does not give even a qualitativ 
test for iodine ;when 1 gm. of sample is examined by the Baumann method. Th 
limit of this method when applied to a complex body like the thyroid, which contains 
a very large amount of organic matter, is about 0.01 per cent; although somewhat 
smaller amounts of iodine could be satisfactorily estimated by using more than 1 gm. 
of material. As is well known, Paul Bourcet (Compt. rend. Acad. d. sc., Par. 1899 
128, p. 1120) modified the Baumann method so that very much smaller amount 
of iodine could be determined when 50 to 1,000 gms. of the material were employed 
The modification consists in concentrating the solution of the fused mass obtained bj 
the incineration of the sample and removing the potassium sulphate by repeatet 
precipitation with alcohol. By this method Bourcet was able to estimate as small al 
amount as 0.1 mgm. of iodine per kilogram of sample. A. R. Dochez (Johns Hopkir 
Hospital Bull. 1908, 19, p. 235) using this method, found iodine in crystallized ca ne 
sugar, egg yolk, ‘CO. P. glucose,’’ and in a very large number of other ordinary food 
Of the substances examined only C. P. lactose, egg albumen, chocolate, almonds, amt 
pig embryos (thyroids excised) were reported as containing no iodine. 

It is very probable that the thyroid which we call ‘‘iodine free” would have bee 
found to contain iodine if examined by Bourcet’s modification, and it is also possib 
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the body have assumed that such thyroid is active (Neumeister, Miwa 
and Stoeltzner, Hutchinson). Those, on the other hand, who have 
studied the question from the pharmacological side, i. e., in the same 
way as other drugs are studied, have denied that such thyroid has any 
physiological activity (Roos, Oswald, Von Cyon and Oswald). _ 

One of the present writers” stated in a preliminary paper that he 
had found thyroid free of iodine to have a low degree of physiological 
activity. The experiments upon which this statement was based 
will now be described in detail. 

The thyroid most frequently used in these experiments was ob- 
tained from infants who had died of various diseases. About 80 such 
glands were dried at 50° to 60° C., powdered, and thoroughly mixed. 
There were also available small amounts of thyroid from Maltese 
kids, an Alaskan bear, and an aoudad.’? None of these preparations, 
when examined by the usual method for detecting iodine in the 
thyroid, gave even a qualitative test for this element.° 

That the thyroids of children usually contain little or no iodine was 
first pointed out by Baumann.? This investigator found that the 
presence or absence of iodine and the amount of the latter, when 
present, varied according to the locality from which the glands were 
obtained. Nine of twelve thyroids of infants under 14 years of age, 
from Freiburg, contained no iodine; three contained from 0.007 to 
0.015 per cent. Of six infants from Berlin 14 years or less of age the 
thyroids of five contained from 0.014 to 0.033 per cent of iodine; 
those of the sixth contained none. The thyroids of six children from 
Hamburg had an average iodine content of 0.07 per cent. 

Miwa and Stéltzner¢ examined the thyroids of twelve infants from 
Berlin; in but one was iodine found, and then only to the extent of 
0.025 per cent. Weiss’ examined the thyroids of seven children 
under 4} years; the iodine varied from traces to 0.037 per cent. 


that these traces of iodine are responsible for the physiological effects we attribute to 
“jodine free” thyroid. On the other hand, if these thyroids were found to contain 
traces of iodine it does not follow that this iodine was in the form of combination 
peculiar to the thyroid. 
- @R. Hunt, J. Am. M. Ass., Chicago, 1907, 49, 1324. 
__ b We are much indebted to Dr. J. R. Mohler, Chief of the Division of Pathology, 
Bureau of Animal Industry, Department of Agriculture, and pathologist to the 
National Zoological Park, for the thyroids of these and of a number of other rare 
animals. The children’s thyroids were obtained from Baltimore. In this connection 
it may be mentioned that H. G. Wells (J. Am. M. Ass., 1897, 29, p. 1011) found the 
average percentage of iodine in the thyroid of six adults of Baltimore to be 0.236. 

¢ Two gms. of the children’s thyroids, 1 of the Maltese kids, 1 of the Alaskan bear, 
and 0.3 of the aoudad were used for the tests. 

@ ®. Baumann, Ztschr. f. physiol. Chem., Strassb., 1896, 22, p. 11. 
_ €§S. Miwa and W. Stéltzner, Jahrb. f. Kinderh., 1897, 45, p. 87. 
JF. Weiss, Miinchen. med. Wchnschr., 1897, 44, p. 6. 
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Wells * analyzed the thyroids of six children from Chicago under 
years; three had but traces, the other three from 0.011 to 0.092 pe 
cent. Von Rositzky® reported analyses of the thyroids of eight 
children under 10 years of age; the percentage of iodine varied from. 
0.012 to 0.041. Oswald* found in five children from Basel unde 
7 years from traces to 0.061 per cent iodine. Charrin and Bourcet 
found in the thyroid of infants under 3 months who were born o 
healthy mothers from 0.0004 to 0.0054 per cent iodine. In mam 
cases in which the child or mother had suffered from various disease 
no iodine was found. Mendel? found no iodine in the thyroids o 
four infants; that of a fifth contained 0.07 mgm. Jolin’ found ir 
twenty-seven infants in Sweden under 4 years no distinct traces of 
iodine in seven cases and from traces to 0.086 per cent in the others. 
Nagel and Roos? found no iodine in the thyroids of four new-bo 
puppies. 
The following experiments were performed with the iodine free 
preparations described above. A few experiments with thyroid 
containing various amounts of iodine are quoted for comparison 
In all cases the dried and powdered gland was used. 


SERIES I. 


A. THYROID OF CHILDREN; FREE OF IODINE. 


Weight Seasvlin 
Date. of mouse. Remarks. 
1906. 
February 24.... 22.06 Feeding of cakes each containing 0.05 gm. thyroid begun. ‘ 
MAYORS oo oc bs: 22. 85 é 
GASES 3: 22.15 | Acetonitrile, 17.72 mgms., i. e., 0.8 mgm. per gm. mouse. Survived. 
Tet, eo | eee ae Acetonitrile, 26.58 mgms., i. e., 1.2 mgms. per gm. mouse. Survived. 
February 24... . 17.22 | Thyroid as above. 
STOMS! ous oy 18. 05 
es eee 17.75 | Acetonitrile, 17.75 mgms., i. e., 1 mgm. per gm. mouse. Survived. 
Fectes cele este Acetonitrile, 24.85 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 
B. CONTROLS. 
1906. 
February 21.... 20.75 | Cakes without thyroid. 
March 3: . 20.2 . 19. 85 « 
Giese 18.75 | Acetonitrile, 5.63 mgm., i. e., 0.8 mgm. per gm. mouse. Died 2 hours. 
February 21.... 22.71 | Cakes without thyroid. 
March 3: 2.-:--. 22. 55 
De cee 20.95 | Acetonitrile, 7.33 mgms., i. e., 0.35 mgm. per gm. mouse. Died 1 to 3 ho 
February 21... .| 23.71 | Cakes without thyroid. 
Marche. .... 2:22 25. 35 
Greases 24.45 | Acetonitrile, 12.23 mgms., i. e., 0.5 mgm. per gm. mouse. Died 1 hour. 


aH. G. Wells, J. Am. M. Ass., Chicago, 1897, 29, p. 955. 

bA.v. Rositzky, Wien. klin. Wchnschr., 1897, 37, p. 823. 

cA. Oswald, Ztschr. f. physiol. Chem., Strassb., 1897, 23, p. 291. 

dA, Charrin and P. Bourcet, Compt. rend. Acad. d. sc., Par. 1900, 130, p. 945. 
¢L. B. Mendel, Am. J. Physiol., Boston, 1900, 3, p. 287. 

/8. Jolin, Festschrift O. Hammarsten, Upsala, 1906. 

g9W.A. Nagel and E, Roos, Arch. f. (Anat. u.) Physiol., Suppl. Bd., 1902, p. 275. 
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mmary.—The results of the above experiments may be summar- 
1 as follows: 


— dose o aceto- 

nitrile in mgms, 

: Gin. Percentage 

-Thytoid, thyroid fed| of iodine pact gia 
daily. | Ih thyroid. 


Recovered, | Died, 


= 


£ (ilar. aa oeeecsce essences 0.05 0 1.4 sass eeee 
Ey kkk akc lea et easiaadadeseasceasa eele ees ae wr sbbae | eee eee eee ee eee eee ee ee 0.3 


Unfortunately the experiments were not sufficiently numerous for 
he fatal doses to be determined, but it is evident that the children’s 
1yroid had protected the mice against at least five times the dose cf 
etonitrile fatal to the controls. 


Series II. 


A. CHILDREN’S THYROID; IODINE FREE. 


Weight of é 
Date aa Remarks. 
1906. 
a 20. 51 | Feeding of cakes each containing 0.05 gm. thyroid begun. 
a 20. 40 
ust 3....... 19. 00 
eae 16. 80 
i rr 15.69 | Acetonitrile, 31.38 mgms., i. e., 2 mgms. per gm. mouse. Survived. 
- aa 21.63 | Thyroid as above. 
sa 20. 96 
MStS....... 21. 00 
2 ae 19. 00 
lange ee 18. 50 
HOY oes. 18.50 | Acetonitrile, 38.85 mgms., i. e., 2.1 mgms. per gm. mouse. Died 14 hours. 


B. SHEEP THYROID; 0.176 PER CENT IODINE. 


23. 71 | Feeding of cakes each containing 0.05 gm. thyroid begun. 
17.91 Acetonitrile, 25.07 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 


24.52 | Thyroid as above. 


15.25 | Acetonitrile, 30.5 mgms., i. e., 2 mgms. per gm. mouse. Survived. 


15.81 | Thyroid as above. 
16. 56 . 
14. 33 Acetonitrile, 32.96 mgms., i. e., 2.3 mgms. per gm. mouse. Died 1 hours. 


14.11 | Thyroid as above. 


12. 41 Acetonitrile, 32.27 mgms., i. e., 2.6 mgms. per gm. mouse. Died 2 hours. 


Cc. CONTROLS. 


Weight of 
Date. owes. Remarks. 
1906. 
DULY 28: > ace. 22.42 | Cakes without thyroid 
Mies ta cote! 23. 51 
August 3.....-..| 24. 70 
i hee ees 22. 83 
Bote | 21.91 | Acetonitrile, 3.07 mgms., i. e., 0.14 mgm. per gm. mouse. Survived. 
] 
SN 2S. oy os eae 27.68 | Cakes without thyroid. 
BO elie eras | 28. 02 
August 3....... 28. 73 
Horse 27. 04 
eee 24.61 | Acetonitrile, 4.18 mgms., i. e., 0.17 mgm. per gm. mouse. Survived. 
hy 265 tate. 22.33 | Cakes without thyroid. 
S| ee ee 21. 62 
ATPUSU Oss -2 5% - ZAKS Wt 
(Geen 18. 42 ‘ 
eee 17.58 | Acetonitrile, 3.52 mgms., i. e., 0.20 mgm. per gm. mouse. Died 1 to 2 hours, 
PRE eSec0 f,< =! os 21.85 | Cakes without thyroid. 
= eens San 22. 30 
August 3: -< 2. =. 22. 06 
(Posen 20.77 | Acetonitrile, 5.19 mgms., i. e., 0.25 mgm. per gm. mouse. Died 1} hours. 


Summary.—The results of the above experiments may be summar 
ized as follows: . 


Fatal i of aceti 
Gm. Percentage; Mgm. I er ea ue 
Thyroid. thyroidfed! ofiodine | in thyroid 
daily. in thyroid. fed. 


Recovered. | Died. 


POTATO S2 ay oe ee reo ren eee 0. 05 0 0 


IBA SHOep fa... Feu sete an ee eee - 05 - 176 . 088 
G-Controls:.; . 5.2 shes 22 Ses = oc hee ee a Se ee eee 


In these experiments both the children’s and sheep’s thyroids pro 
tected against ten times the fatal dose of acetonitrile; the iodine 
children’s thyroids were as effective as the iodine containing sheep’ 
thyroids. But, as appears from the following experiments, to 
much thyroid had been given to admit of comparison—that is, th 
maximum effect had been produced in each case. ; 

In the next series smaller amounts of children’s thyroid were 
and the results compared with those obtained with guinea pig 
thyroid; the latter contained 0.05 per cent iodine. 
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Series ITT. 
A. CHILDREN’S THYROID; IODINE FREE. 


(0) : Remarks. 


23, 33 | Feeding of cakes each containing 0.02 gm. thyroid begun. 
19.92 | Acetonitrile, 9.96 mgms., i. e., 0.5 mgm. per gm. mouse. Survived. 


23. 35 | Thyroids as above. 


23. 82 | Acetonitrile, 14.29 mgms., i. e., 0.6 mgm. per gm. mouse. Died 2 hours. 
26.50 | Thyroid as above. 


25. 35 
24. 32 | Acetonitrile, 17.02 mgms., i. e., 0.7 mgm. per gm. mouse. Died about 9 hours. 


B. GUINEA PIG THYROID; 0.05 PER CENT IODINE. 


se Ee ye Feeding of cakes each containing 0.0035 gm. thyroid commenced. 
1 
15. 62 | Acetonitrile, 9.37 mgms., i. e., 0.6 mgm. per gm. mouse. Survived. 


OE ee Thyroid as above. 


- 17.82 | Acetonitrile, 14.26 mgms., i. e,, 0.8 mgm. per gm. mouse. Survived. 
Sh ree Thyroid as above, 


18.60 | Acetonitrile, 18.60 mgms., i. e., 1 mgm. per gm. mouse. Died 33 hours. 


C, CONTROLS. 


23.01 | Cakes without thyroid, 
22.52 | Acetonitrile, 6,76 mgms,, i. e., 0.3 mgm. per gm. mouse, Survived. 


18. 06 | Cakes as above. 


15. 45 | Acetonitrile, 5.41 mgms., i. e., 0.35 mgin. per gm, mouse. Died 2} hours. 
18.01 | Cakes as above. 


15. 40 | Acetonitrile, 6,16 mgms., i.e., 0.4mgm. per gm. mouse. Died about 113 hours. 
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Summary.—The results of the above experiments may be summa 
ized as follows: E 


| Fatal dose a eton 
F rile in mgm. p 

Gm. thy- | Percentage| Mgm. I in | i __ 
Thyroid. roid fed | ofiodine | thyroid | = <n 
daily. in thyroid. ed. - | 


Recovered.) Di e d. 


i CATON ines Shalom oe bape ies eee 0. 02 0 0 0. 


5 
Pe aOR Pe os a. eek ken eae cee eee . 0035 . 05 . 0017 .8 
Ga Controls. so. 2 ot sea ee ie ct eee lo deci eee eal ho .3 


Thus the mice which had received the guinea pig thyroid (B 
recovered from about one and five-tenths times the dose of aceto 
nitrile fatal to the mice which had received the children’s thyroid 
(A). Five and seven-tenths times as much of the children’s thyroic 
as of the guinea pig’s thyroid had been fed; hence we may conclude 
that the latter was approximately eight and five-tenths times a 
active as the former. | | 


Series IV. 
A. THYROID OF MALTESE KID;¢ NO IODINE. 
wees 
Date Ce) Remarks. 
mouse. 
1907. : 
LATTE oy eR ae 12.33 | Feeding of cakes each containing 0.05 gm. thyroid begun 
| a 12. 67 
ae ae 12. 65 
nee 12.50 | Acetonitrile, 8.75 mgms., i. e., 0.7 mgm, per gm. mouse. Survived. 
AMIN 212.225... < 20.93 | Thyroid as above. 
< eee 19. 82 4 
1 fas See eee 20. 82 
See 21. 67 
ya aes 21.73 
i ell ys een Zoe tA 
BAO eo 22.95 | Acetonitrile, 20.66 mgms., i. e., 0.9 mgm. per gm. mouse. Died 2 hours. 
DTA DT oo oe 2 22.53 | Thyroid as above. 
BOre eat 19. 51 
1 eS ae re 21. 87 
Ae ee ee 22. 42 
we ae he 20. eh 
iO ee ge 22.91 
(> Caaaeieis _-«- 22. 85 | Acetonitrile, 27.42 mgms., i. e., 1.2 mgms per gm. mouse. Died 4 hours. 


a Unfortunately no microscopic examination was made of these glands. They weighed 17.65 gms. fres 
3.25 gms.dry. Thus more than 81.5 percent consisted of water. They were apparently abnormal (glan 
ular hyperplasia?). 
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B. CHILDREN’S THYROID; IODINE FREE. 


Remarks. 


Feeding of cakes each containing 0.05 gm. thyroid begun. 
Acetonitrile, 8.59 mgms., i. e., 0.7 mgm. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 14.39 mgms., i. e., 1 mgm. per gm. mouse. Survived. 


Thyroid as above. 


17.71 | 
15.83 | Acetonitrile, 18.99 mgms., i. e., 1.2 mgms. per gm. mouse. Survived. 


C. GUINEA PIG THYROID; 0.05 PER CENT IODINE. 


Feeding of cakes each containing 0.007 gm. thyroid begun. 
Acetonitrile, 10.24 mgms., i. e., 0.8 mgm. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 11.47 mgms., i. e., 1 mgm. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 22.80 mgms., i. e., 1.5 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 49.34 mgms., i. e., 2mgms. per gm. mouse. Survived. 
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D. CONTROLS. | 
| 
p Weight of | 
Date mouse. Remarks. | 
: | 
1907. 
Ar 20 oC 13.63 | Cakes without thyroid. 
oe Rae 13.95 
tye ro 13.52 | Acetonitrile, 3.388 mgms., i. e., 0.25 mgm. per gm. mouse. Survived. 
tC | San 15.62 | Cakes as above. 
Sa aes 16. 65 
Gs ee eee 15. 43 
ee 14.91 
iL ae i a oe 14.35 
Bae eee 14.02 | Acetonitrile, 3.93 mgms., i. e., 0.28 mgm. per gm. mouse. Died 24 hours. 
1 0) 97 eae 13.12 | Cakes as above. 
ace aks 13.07 
1 CGS Sees aa 12. 33 
Bitte ro 12. 02 
| RES A 11. 45 
OSes ee 11.55 
13.. woeeeeee 11.25 Acetonitrile, 3.94 mgms., f. e., 0.35 mgm. per gm. mouse. Died 7 hours. 
JX oy uP yee ane 20.57 | Cakes as above. 
= ee 21. 40 
IMaVioo soos cee 20. 00 
7 ss ner 20.32 | Acetonitrile, 10.16 mgms., i. e., 0.5 mgm. per gm. mouse. Died 10 hours. 


Summary.—These results may be tabulated as follows: 


S = “— of acete 

nitrile in mgms 

Gm. thy- | Percentage} Mg. Tin | Per gm. mouse 

Thyroid. roid fed of iodine g.iin | . L. r 
: daily. | in thyroid. thyroid fed. 


Recovered.| Died. 


A UMEAItESO Kid) 32k cosine cates ot eee eee 0.05 0 0 0.7 
PCC NATO. 5 Aaa ee he oe ose aioe .05 0 0 1.2 4|\2 2 
AA GHINIOA PIP a2". aero sere se oe ap See ee eee . 007 .05 . 0035 2.0 |.... ome 
Controls: . x2... ocswe oe oie coe taieic be a See Gram oll Chere aie te eae nie ever terete eer ete ay 5) 


Unfortunately the experiments were not sufficiently numerous 
permit of a determination of the fatal dose in all cases. The guines 
pig thyroid (C) protected against more than twice as much aceto: 
nitrile as did the thyroid of the Maltese kid (A); since seven times ¢ 
much of the latter as of the former was given, we may consider tha 
the guinea pig thyroid is more than fourteen times as active as that ¢ 
the Maltese kid. Another point of interest in this series is that th 
children’s thyroid (B) was more active than the Maltese kid thyroid 
this shows that there are differences in activity of different ‘iodine 
free”’ thyroids. 

Owing to lack of material but few experiments were made wit 
smaller amounts of children’s thyroid and the results were ne 
altogether satisfactory; 1 mgm. fed daily for ten days had tena 
any, effect. 
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Series V. 


A. THYROID OF ALASKAN BEAR; IODINE FREE. 


Weight of 


mouse. Remarks. 


16.54 | Feeding of cakes each containing 0.005 gm. thyroid begun. 


15.25 | Acetonitrile, 6.87 mgms., i. e., 0.45 mgm. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 4.86 mgms., i. e., 0.48 mgm. per gm. mouse. Survived. 


| 16.75 | Thyroid as above. 
ae * 16.77 
a 16.23 | Acetonitrile, 8.44 mgms., i. e., 0.52 mgm. per gm. mouse. Died 24 hours. 
UN 17.43 | Thyroid as above. 
os xs 5. - 16. 66 
16.33 | Acetonitrile, 9.80 mgms., i. e., 0.60 mgm. per gm. mouse. Died 14 hours. 


B. THYROID OF AOUDAD; IODINE FREE. 


1908. 
1 15.39 | Feeding of cakes each containing 0.005 gm. thyroid begun. 
17.03 
aa 16.00 
(oo 85s Baa ae Acetonitrile, 6.40 mgms., i. e., 0.40 mgm. per gm. mouse. Died 14 hours. 
a 15.87 | Thyroid as above. 
See =. 15. 73 
a 14.65 | Acetonitrile, 7.62 mgms., i. e., 0.52 mgm. per gm. mouse. Died 2} hours 
meaty 19........- 15.07 | Thyroid as above. 
14. 30 
a 13.50 | Acetonitrile, 8.10 mgms., i. e., 0.60 mgm. per gm. mouse. Died 2 hours. 


C. THYROID OF BLACK LEOPARD; 0.01 PER CENT IODINE. 


Feeding of cakes, each containing 0.005 gm. thyroid begun. 
Acetonitrile, 9.50 mgms., i. e., 0.50 mgm. per gm. mouse. Died 1} hours. 


Thyroid as above. 


Acetonitrile, 11.66 mgms., i. e., 0.70 mgm. per gm. mouse. Died 24 hours. 


Thyroid as above. 


Acetonitrile, 16.70 mgms., i. e., 0.90 mgm. per gm. mouse. Died 3 hours. 


4 += é - : 
D. THYRADEN;« 0.085 PER CENT IODINE. a 
Weight of | 
Date aise. Remarks. 
1908, ; 
UOC re 15.50 | Feeding of cakes each containing 0.00125 gm. thyraden begun. 
7s Aaa 14.81 
2.7 fag sees 8 13.12 | Acetonitrile, 9.18 mgms., i. e., 0.7 mgm. per gm. mouse. Survived. 
Mag 19. Ls - 18.46 | Thyroid as above. 
eet 2 Sneias 17.30 
BS rea Sos 16.23 | Acetonitrile, 12 98 mgms., i. e., 0.8 mgm. per gm. mouse. Survived. 
MORE. 2. 3.2 15.19 | Thyroid as above. 
yen Me ee 15. 03 
ee tae 14.65 | Acetonitrile, 13.19 mgms., i. e., 0.9 mgm. per gm. mouse. Died 1 hour. 
CC® ) ee 16.69 | Thyroid as above. . 
Wo. 3 14.53 ; 
Bie oe Bede 14.02 | Acetonitrile, 14.02 mgms., i. e., 1 mgm. per gm. mouse. Died 1} hours. 


aThis is a commercial lactose trituration of dried thyroid claimed to be standardized to contain 0.07 p 
cent iodine. Two specimens examined by us were found to contain slightly more iodine than this, vi 
0.085 per cent. 


E. CONTROLS, 


1908. 
Man WO saci 15.79 | Feeding of cakes without thyroid begun. | 

1 ed a as 15. 65 

= plea FR ee 15.87 | Acetonitrile, 3.97 mgms., i. e., 0.25 mgm. per gm. mouse. Survived. 
May 19: oso.f. 22 15.66 | Cakes as above. 

2 ER a ro 15.24 

(ie 16.02 : 

Dest o! 4h) ee ELS eee Acetonitrile, 4.17 mgms., i. e., 0.26 mgm. per gm. mouse. Died 4} hours. 
Maye Ose eat 17.55 | Cakes as above. 

2 Me es Ss 18.15 

7. eee ee | 18.10 | Acetonitrile, 5.43 mgms., i. e., 0.30 mgm. per gm. mouse. Died 2 hours. 
May 19.22. =. 11.80 | Cakes as above. 

A Beh eet 11.70 

5 ne ee 10.34 | Acetonitrile, 3.31 mgms., i. e., 0.32 mgm. per gm. mouse. Died 3 hours. 


Summary.—The results of the above experiments may be sun 
. «e \ 
marized as follows: 


Fatal dose of nc p 


Percentage nitrile in mg 
Gm. thy- : Mem. Tin r gm. mouse. 
Thyroid. roid fed | of iodine thyrotd Pe eae 

daily hl ed. 

Recovered. | 

aren ; E Pr oe. eee GE | 
Me alaska Deis. 953: eee 0.005 0 0 0. 48 | 
ht PE aR SOR Een rie Bor, eee 005 0 0 ©... Ul seep eee | 
C ,Black leopard........ Ngoc ree ae cee 005 OL 0001." ioe S.5 eee 
a. a PEE SESS "00125 |, 085 0011 80 


Te Controls. i 5 So-cos bale opie s mpes one oo Dee a re al Oe eiwte ote ee eta | Seca lenin titer aan a 


ee 
2 eee: po 


ee oe 43 


he iodine free thyroid of the Alaskan bear (A) had some physio- 
cal activity, but it was much (perhaps about seven times) less 
a that of Thyraden (D), with 0.085 per cent iodine. The iodine 
» thyroid of the aoudad (B) was evidently Jess active than that of 
» Alaskan bear; in fact, there is nothing in this series to indicate 
t it had any activity whatever, but perhaps the doses of acetonitrile 
e too large. A point of interest is the fact that the thyroid of the 
ek leopard (C), which contained 0.01 per cent iodine, was certainly 
; more active than the ‘‘iodine free” thyroid of the Alaskan bear. 
course it is possible that there was a small amount of iodine in the 
ter which was overlooked in the analysis; unless this is the case 
id the probabilities are that it is not) we must conclude that at 
ies iodine free thyroid is as active as thyroid containing a mini- 
im amount of iodine. 
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Series VI. 


A. THYROID OF MALTESE KID; IODINE FREE. 


ag al Remarks. 
tember eee oe x Feeding of cakes each containing 0.01 gm. thyroid commenced. 
2... 16. 90 
14... 16.02 | Acetonitrile, 4 mgms., i. e., 0.25 mgm. per gm. mouse. Survived. 
tember 5... 18.76 | Thyroid as above. 
a 18. 02 
ia 17.72 
i ae 17.13 | Acetonitrile, 4.62 mgms., i. e., 0.27 mgm. per gm. mouse. Died 2 hours. 
tember 5... 18.75 | Thyroid as above. 
ee 19. 70 
ue. 19. 54 
(S42) Acetonitrile, 5.86 mgms., i. e., 0.3 mgm. per gm. mouse. Died 23 hours. 
tember 5... 19.40 | Thyroid as above. 
oe 17. 30 
WS 32 17. 04 
el Acetonitrile, 7.67 mgms., i. e., 0.45 mgm. per gm. mouse. Died 1} hours. 


B. THYROID OF ALASKAN BEAR; IODINE FREE. 


1908. , 
tember 5... 17.40 | Feeding of cakes each containing 0.01 gm. thyroid commenced. 


ae 17. 82 
IDEs. 18. 88 
14.2. 19.02 | Acetonitrile, 8.56 mgms., i. e., 0.45 mgm. per gm. mouse. Survived. 
September 5... 15.24 | Thyroid as above. 
Jess 14. 46 
12... 14. 80 
J). ola Acetonitrile, 7.4 mgms., i. e., 0.5 mgm. per gm. mouse. Survived. 
tember 5... 20.24 | Thyroid as above. 
Deas 20. 08 
12... 19. 28 


14... 18. 94 | Acetonitrile, 10.04 mgms., i. e., 0.53 mgm. per gm. mouse. Died 1} hours. 


Thyroid as above. 


Acetonitrile, 10.8 mgms., i. e., 0.6 mgm. per gm. mouse. Died 3 hours. 


Date. 


1908. 
September 5... 


September 5... 
a 
i. 
14... 


D. THYROID OF BLACK LEOPARD; 0.01 PER CENT IODINE. 


1908. 
September 5... 


iD 
ry ee 
September oo 
Cee 
A Wee 


September 5... 


1908. 
September 5... 


195 
ee 
September 5... 
ct Ee 
| oe 
1425 


September ss 
12... 
i 


September Ee 
12... 
14.0p 


. THYROID OF CHILDREN; IODINE FREE. 


Remarks. 


Feeding of cakes each containing 0.01 gm. thyroid commenced. 
Acetonitrile, 8.97 mgms., i. e., 0.45 mgm. per gm. mouse. 
Thyroid as above. . 


Acetonitrile, 8.45 mgms., i. @., 0.53 mgm. per gm. mouse. 


Thyroid as above. 


Acetonitrile, 8.62 mgms., i. e., 0.57 mgm. per gm. mouse. Died 14 hours. 


Thyroid as above. x 


Acetonitrile, 8.54 mgms., i. e., 0.6 mgm. per gm. mouse. Died 8 hours. a 


E. THYROID OF SHEEP; 0.125 PER CENT IODINE. 


Feeding of cakes each containing 0.01 gm. thyroid commenced. 


Acetonitrile, 4.31 mgms., i. e., 0.25 mgm. per gm. mouse, Survived. 
Thyroid as above. 
Acetonitrile, 4.82 mgms., i. e., 0.27 mgm. per gm. mouse. Survived. 
Thyroid as above. 
Acetonitrile, 5.77 mgms., i. e., 0.3 mgm. per gm. mouse. Died 24 hours, 
Thyroid as above. 


\ 


F ‘a 
Acetonitrile, 7.55 mgms., i. e., 0.45 mgm. per gm. mouse. Died 2 hours, - 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Acetonitrile, 27.81 mgms., i. e., 1.5 mgms. per gm. mouse. Survived. : 
Thyroid as above. 
Acetonitrile, 30.8 mgms., i. e., 1.6 mgms. per gm. mouse, Survived, 
Thyroid as above. 
Acetonitrile, 31.48 mgms., i. e., 1.7 mgms. per gm. mouse, Died 1 he re 


Thyroid as above. 


Acetonitrile, 30.56 mgms., i. €., 1.8 mgms. per gm. mouse. Died 23 hou 
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F, CONTROLS. 


Weight 


of mouse. Remarks. 


18.04 | Feeding of cakes without thyroid commenced. 

17.00 | Acetonitrile, 1.87 mgms., i. e., 0.11 mgm. per gm. mouse. Survived. 
19.78 | Cakes as above. 

20.29 | Acetonitrile, 2.64 mgms., i. e., 0.13 mgm. per gm. mouse. Died 24 hours. 
21.14 | Cakes as above. 

20. 22 | Acetonitrile, 3.03 mgms., i. e., 0.15 mgm. per gm. mouse. Died 3 hours. 
21. 32 | Cakes as above. 


> Acetonitrile, 4.03 mgms., i. e., 0.18 mgm. per gm. mouse. Died 5 hours. 


SUMMARY. 
Fatal — of ace- 
: Z tonitrilei : 
Gipsting= ho Re Mem: Tin | “pepe, See 
Thyroid. roid fed |, de in_ | thyroid fed 
daily. thyroid. daily. a a 

Recovered. | Died. 
— — 
coc cehe}: SSpGCene = eee 0. 01 0 0 0. 25 0. 27 
+ ot oS eee OL 0 0 . 50 pis: 
Ce 01 0 0 <ae Be 
Nes. he ces ee nk nan Oe 01 . 001 ve . 30 
Ne aie ow ciciw nice Sec cece hen atne . 001 25 . 00125 1. 60 1. 70 
it ee ays oa ayn elo areic.aresicin a's cflaaro Lawes meee ass eee eet oe Ag il sie 


ontained a small percentage of iodine, was only about half as active 

the thyroids of the Alaskan bear and of the children. One one- 
ousandth of a gram of sheep thyroid, containing 0.125 per cent 
dine, protected against about three times as much acetonitrile as 
GI ss times as on of the iodine free children’s thyroid; we may 
erefore conclude that it was about thirty times as active as the 
utter. 


Weight 
of mouse. 


Remarks. 


June : cata 17.06 Feeding of cakes each containing 0.01 gni. thyroid begun. 


.. Acetonitrile, 3.90 mgnis., i. e., 0.26 mgmi. per gni. niotise. Survived. 
EMO “Bek 6.505 | 17. 50 | Thyroid as above. 
5 | 
| oe 16.32 | Acetonitrile, 5.06 mgmis., 1. e., 0.31 mgm. per gm. mouse. Survived. 


June 4.......: | 13.50 Thyroid as above. 
Orley -'13.50 | Acetonitrile, 5.40 mgms., i. e., 0.40 mgm. per gm. mouse. Died 14 ho 


pipe chee. ie | 16.74 Thyroid as above. | 


17.02 Acetonitrile, 9.36 mgms., i. e., 0.55 mgm. per gm. mouse. Died 4 hours. 


} 


~B. THYROID OF AOUDAD; IODINE FREE. 


' [Ar ae ee _ 
| - = » . v+ =i 
ey vi gt = ~ 
i 46 Seber ft i 
Series VII. a ) 
A. THYROID OF ALASKAN BEAR; IODINE,FREE. . 


1908. 
June : aa aa 18.94 | Feeding of cakes each containing 0.01 gm. thyroid begun. 
RRS 18. 52 
. ene aes 16. 52 
10: Fone ak eee Acetonitrile, 3.63 mgms., i. e., 0.22 mgm. per gm. mouse. Died 2 hours. 
BNey lo so 24.32 Thyroid as above. 
Oo: toe ee 23. 39 
ee ae 23. 46 - 
10) Sone eee eee Acetonitrile, 6.57 mgms., i. e., 0.28 mgm. per gm mouse. Died 14 hours 
Bieri: SUS. oe 17.17 | Thyroid as above. H ; | 
| ee eee a 16. 86 = | 
Cates 16.66 | Acetonitrile, 8.33 mgms., i. e., 0.50 mgm. per gm. mouse. Died 14 hours. 
C. THYROID OF BLACK LEOPARD; 0.01 PER CENT IODINE. | 
1908. | . 
pime bce: + 54 | Feeding of cakes each containing 0.01 gm. thyroid begun. 
ESS 14. 70 : E 
Sse te 15.14 | Acetonitrile, 5.30 mgms., i. e., 0.35 mgm. per gm. mouse. Survived. — 
pinO. toe a 16.72 | Thyroid as above. 
id sey 15. 07 
epee 13. 18 7 } 
NOL PE aie. .-| Acetonitrile, 5.27 mgms., i. e., 0.40 mgm. per gm. mouse. Died 2} hour 
ane) Loose. ee 17.44 | Thyroid as above. 
be taka 16. 07 
Lie ene 15. 87 
LORS ee eee Acetonitrile, 7.14 mgms., i. e., 0.45 mgm. per gm mouse. Died 2} hour 
pie Als Blo os 19.12 | Thyroid as above. ‘ 
Bi t-saze 17. 72 4 
Oe 18.33 | Acetonitrile, 10.08 mgms., i. e., 0.55 mgm. per gm. mouse. Died 1} hot 


D. THYROID OF CAT; 0.08 PER CENT IODINE. 


Weightof 


mouse. Remarks. 


16.56 | Feeding of cakes each containing 0.001 gm. thyroid he gun. 
14.00 | Acetonitrile, 7 mgms., ie., 0.5 mgm. per gm. mouse. Survived. 


eee 14.08 | Thyroid as above. 
pe weeeee 14. 44 | Acetronitrile, 10.11 mgm., i. e., 0.7 mgm. per gm. mouse. Survived. 


Eiiswx0s-- 19.29 | Thyroid as above. 


cet. 18. 34 
. ) Sa fs 86 
SS Ee Acetonitrile, 15.18 mgms., i e., 0.85 mgm. per gm. mouse. Died 14 hours. 
as 4 17.29 | Thyroid as above. 
ee 16. 50 
. 15. 68 
i ee Acetonitrile, 15.68 mgms., i.e., 1 mgm. per gm. mouse. Died 2 hours. 
E. THYRADEN; 0.085 PER CENT IODINE. 
_ = a Feeding of cakes each containing 0.001 gm. thyraden begun. 


rf Pn + 11.88 | Acetronitrile, 8.39 mgms., i. e., 0.7 mgm. per gin. mouse. Survived. 


ae a = Thyraden as above. 
as . 22 
14.78 | Acetonitrile, 11.23 mgims., i. e., 0.76 mgm. per gm. mouse. Survived. 
oo 16. 02 Thyraden as above. 
15. 56 
Beene = =~ 15.94 
i Phar etn Acetonitrile, 13.55 mgms., i. e., 0.85 mgm. per gm. mouse. Died 3} hours. 
eee 24.70 | Thyraden as above. 
rs 23.58 


22.50 | Acetronitrile, 22.50 mgms., i. e., 1 mgm. per gm. mouse. Died 4 hours. 


F. THYROID OF DEER; 0.193 PER CENT IODINE. 


18.82 | Feeding of cakes each conta ning 0.001 gm. thyroid begun. 
0 
16.60 | Acetonitrile, 8.30 mgms., i. e., 0.5 mgm. per gm. mouse. Survived. 


16.16 | Thyroid as above. 
50 


14. 
Bigs cocoa 15.30 | Acetonitrile, 10.71 mgms., i. e., 0.7 mgm. per gm. mouse. Survived. 
a 16.34 | Thyroid as above. 
ee 14. 60 
aes... - 15.14 
i Acetonitrile, 13.63 mgms., i. e., 0.9 mgm. per gm. mouse. Survived. 


17.67 | Thyroid as above. 


|e Acetonitrile, 20.20 mgms., i. e., 1.3 mgms., per gm. mouse. Survived. 
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G. CONTROLS. 


Hate: Weight of 


mouse. Remarks. 
1908. | 3 
Fun De se. 34 15.38 | Feeding of cakes without thyroid begun. 
Dist tae eee 15. 10 
eres ine 13.92 | Acetonitrile, 2.09 mgms., i. e.,0.15 mgm. per gm. mouse. Survived. 
PNG) As <u. 8 16.14 | Cakes as above. 
Dike fie Cass 15. 42 
1 ea eee 15. 30 | 
|: Caan 15.92 | Acetonitrile, 2.55 mgms., i. e., 0.16 mgm. per gm. mouse. Survived. 
pune 1 ee 16. 42 | Cakes as above. 
ieee 16. 86 
Oes 26s S 15. 72 
AQP on tee can eas Acetonitrile, 2.67 mgms., i. e., 0.17 mgm. per gm. mouse. Survived. 
MNO hee Siok ae 23. 34 | Cakes as above. 
Be ee ces 21. 88 | 
OF a Rees 21. 45 | 
UO) ee eee 2 a Acetonitrile, 3.86 mgms., i. e., 0.18 mgm. per gm. mouse. Died 1 hour. 
JUNO. Ms a ee 17.02 | Cakes as above. 
Desc keen 16. 00 
|e eee 14. 78 
LOS SE eal mater aoe Acetonitrile, 2.81 mgms., i. e., 0.19 mgm. per gm. mouse. Died 44 hours. 
TUNG wists. 18. 30 | Cakes as above. 
Lj Reg De ti 18. 42 
Decca ene 17.66 | Acetonitrile, 3.53 mgms., i. e., 0.20 mgm. per gm. mouse. Died 1? hours. 


Summary.—The results of the above experiments may be tabu 
ated as follows: | 


Fatal dose of ace 


tonitrile in mgm 
Gm. thy- | Percentage| Mgm. Tin por gyi: ae 


Thyroid. roid fed of iodine thyroid 
daily. in thyroid.| fed daily. 


Recovered. | Died. 


A Aeon Oats 5 tee eee ry ee aoe ee 0.01 0 0 0. 31 

Ls ROI NTs (20 Oe ae ee oe eee ee ae en ey eee ew wT - OL 0 0 SAAS. 2 eee 

SC OIACK NGODBIG so 52) 5 had <5 ha me Son ieee - 01 01 - 001 35 

ye ee on ee eee en hers eres . 001 08 0008 70 

LOANS ASO 9:6 [) | ae ee ae I ae gee ee | . 001 . 085 . 00085 . 76 a 
Le] >) a ei a ee eee es ia AEST, Set | . 001 . 193 . 00193 1. 30 20 
re MASTLLEOIS . ©. che oe ee braces Cet Bear PRE ee De el Bibra 


The thyroid of the Alaskan bear (A) had a low degree of physiolog- 
ical activity. Inasmuch as 0.01 gm. (per cake) protected agains 
only about one-half as much acetonitrile as did 0.001 of thyrade 
(0.085 per cent iodine), we may estimate the physiological activit 
of the latter to be approximately twenty times as great at that of th 
former. If the aoudad thyroid (B) had any physiological activity 
it was too slight to be demonstrated by these experiments; in an 
case, it was distinctly weaker than the Alaskan bear thyroid (A 
The thyroid of the black leopard (C) with 0.01 per cent iodine w 
apparently no more active than the iodine free thyroid of the Alaske 
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w. The experiments with the cat (D) and deer (F) thyroids show 
it there is a direct parallelism between the iodine content and 
» physiological activity of thyroid. 


SUMMARY AND GENERAL CONCLUSIONS, 


The above experiments show that iodine free thyroid, or what 
usually called “iodine free” thyroid, has, when tested by our 
nethod, a low degree of physiological activity; this result is contrary 
that reported by others. The experiments also show that the 
wctivity of such thyroid is much less than that of thyroid containing 
more than distinct traces (0.01 per cent, for example) of iodine. It 
s also evident that there are differences in the activity of different 
jodine free” thyroids; those of the Alaskan bear and of children 
were more active than those of the Maltese kid or of the aoudad. 
lis may be explained on either of two suppositions: it may be 
assumed that the activity of the so-called ‘iodine free’’ thyroid is 
im reality due to iodine which is present in too small amounts to be 
letected when only small samples are available for analysis and that 
ere is more iodine in the thyroids of the children and of the Alaskan 
bear than in those of the Maltese kid and of the aoudad. Or we 
nay suppose that the iodine free thyreoglobulin has of itself some 
tivity and that the greater activity of some of the ‘iodine free” 
yroids is due to their containing a larger amount of this thyreoglob- 
lin than do other thyroids. This suggestion would also explain 
ly certain “iodine free”’ thyroids (children and Alaskan bear) are 


fon may be called to the work of Oswald,? in which it is shown that 
Bee eoctobulin varies greatly in amount in different thyroids. 
vidence will be presented in later parts of this bulletin that the 
physiological activity of the thyroid 1 increases in direct proportion to 
she amount of iodine contained in proper combination. Some of 
the bearings (upon the physiology and pathology of the thyroid) of 
his view that iodine free thyroid has a certain degree of activity 
and that this is much increased by the presence, in proper combi- 
ition, of iodine have been discussed by one of the present writers 
-@ previous paper.’ Another application of this conception may 
9¢ referred to, although it is not our purpose to discuss fully in this 
ection these collateral alee Es. was ee in ee Beets 


. @ A. Oswald, Beitr. : z. chem. Physiol. u. Path., pices , 1902, 2 2, p. 545. 
©R. Hunt, J. Am. M. Ass., Chicago, 1907, 49, p. 1325. 


_ +61494—Bull. 47—09—-4 


0 


that iodine (or rather an iodine containing substance) is an import: 
constituent of the thyroid was the fact that the removal of thyro 
which contain no iodine is followed by as severe symptoms as t 
removal of those which do contain iodine. Such a result would 
inexplicable on the view that an iodine compound is an essent 
constituent of the thyroid; it would, however, be intelligible on t 
hypothesis that thyroid free of iodine alone has a certain degree 
physiological activity. We may suppose that this iodine free 
iodine poor thyreoglobulin is sufficient, as a rule, for the ordina 
purposes of the organism. Much of the iodine usually found in tl 
thyroid may be considered as one of those “factors of safety” d 
cussed by Meltzer.¢ That the iodine free or iodine poor thyreoglo 
ulin is not, however, always adequate to meet the demands of the bod 
is shown, for example, by the losses suffered by sheep breeders ¢ 
account of cretin lambs before the extensive use of iodine containir 
salt.? 

Another indication that the iodine serves a useful purpose is th 
there is in general an inverse ratio between the size of the thyro 
and the amount of iodine it contains. 


44. COMPARATIVE PHYSIOLOGICAL ACTIVITY OF COMMERCIAL SHE 
THYROIDS. 


Inasmuch as most of the commercial thyroid preparations a 
obtained from the sheep, and as these are official in the Unit 
States and several other pharmacopeeias, especial attention 
given to the comparison of their iodine content and physiologi 
activity. There is a widespread belief among clinicians that co: 
mercial thyroid preparations differ considerably in activity; 7 
believe that this opinion is fully justified. ! 

Before describing the results of our experiments a few rema: 
may be made as to the character of quantitative results which may 
be expected in a study of the physiological action of drugs. Wh 
the great importance, both theoretical and practical, of dosage 
medicine is considered, it is remarkable that so little work has be 
done on the scientific principles underlying it. Not many pl 
sicians would assume that by doubling the dose of a drug twice 
effect would be produced, yet the relation between successive in¢ 
ments of the dose and the physiological effects is unknown in- 
case of nearly all drugs. With some drugs, in certain doses, dot 
the amount will produce twice the physiological effect. In ot 


«S.J. Meltzer, J. Am. M. Ass., Chicago, 1907, 48, p. 655. 

6 cf. D. Marine, Johns Hopkins Hosp. Bull., 1907, 18, p. 359. 

e cf. Juckuff, Versuche zur Auffindung eines Dosierungsgesetztes, Leipzig, 1 
E. Harnack, Miinchen med. Wchnschr., 1896, 43, p. 1065; J. T. Cash, Brit. 1 
J., Lond., 1908, i, p. 1218. 
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ses an increase of 10 per cent in the amount may produce twice 
s effect. With still other doses the amount administered may be 
creased many times before twice the effect is produced. 

‘The relation between the percentage of iodine in thyroid and its 
tivity in increasing the resistance of mice to acetonitrile seems to 
Mier an unusually favorable opportunity for a study of this char- 
ter, but we have not been able to devote special attention to it. 
A brief discussion of the subject is, however, indispensable for an 
inderstanding of our results and the conclusions we draw from 
them. From the experiments already described (Series II, children’s 
thyroids, p. 35) it is evident that even a very weak thyroid prepara- 
fion will, when given in a sufficient dose, produce as great a physio- 
ogical effect as an equal amount of a very active preparation. In 
other words, there is a limit to the degree of resistance which the 
body can acquire even under the most favorable circumstances. It 
is obviously necessary, in comparing the physiological effects of dif- 
ferent thyroid preparations, to avoid doses which produce a maximum 
sffect. Also, as the doses approach the maximum, each successive 
increase produces a relatively smaller effect. A curve expressing 
these facts graphically is a parabola; at a certain point a prepara- 
‘ion with twice the activity of another will produce twice the effect; 
me with three times the activity would produce three times the 
fect, etc. The farther removed the doses are from this optimum 
the less close is the correspondence between the size of the dose of 
he preparation and its (measurable) physiological effect. The 
range through which there is a direct relation between the physio- 
ogical activity of the thyroid and the amount of acetonitrile which 
may be rendered harmless under its influence seems to be rather 
reat ; this doubtlessly accounts for the comparative ease with which 
we have obtained quantitative results in the following experiments. 
‘In work of this character it is not only permissible but necessary 
0 exclude experiments in which the thyroid produced maximum 
ffects. Thus it would obviously be unwarranted to conclude from 
he experiments of Series IT (p. 35) that the thyroid of children is as 
uetive as that of sheep because 0.05 gm. of the former protected 
igainst as much acetonitrile as did 0.05 gm. of the latter; in each 
pase the amount fed was probably far above that necessary to pro- 
uce the maximum effect. 

The plan of our experiments was as follows: When the activity of 
everal thyroid preparations was to be compared, they were fed in 
qual amounts, but care was taken that the quantities administered 
vere such as we believed would produce submaximum effects. It 
vas sometimes necessary to perform two or three series of experi- 
nents of this character before the amounts most suitable for com- 
arison could be determined; this was partly due to the fact that 
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different lots of mice reacted differently. Thus with some m 
0.001 gm. each of several thyroid preparations produced a maximy 
effect; in such a case it was necessary to repeat the experime! 
using 0.0005 gm. for example. In other cases the physiologic 
effects produced by the feeding of 0.001 gm. of different thyro 
preparations were very slight; in such cases the experiments we 
repeated with 0.002 or more gram. When the experiments we 
performed in this manner we found that the amount of acetonitrile 
from which the mice recovered under the influence of the thyro 
was almost directly proportional to the amount of iodine the th 
roid contained; hence we conclude that the physiological activity 
thyroid is proportional to the iodine content. The correctness 0. 
this conclusion was often confirmed as follows: If it required t 
as much acetonitrile to cause the death of mice to which thyroid 
had been fed as of those to which an equal amount of thyroid B hac 
been fed, we found that the fatal dose of the nitrile was about thi 
same in each case when two parts of B on the one hand and of 
part of A on the other were fed.* Results of greater scientific 
accuracy could probably have been obtained by a slightly differen’ 
method of experimenting. Thus instead of comparing the tota 
amount of thyroid which produced a given degree of protection, 
would probably have been more accurate to first subtract thi 

‘maximum ineffective’ dose (i. e., the maximum amount of th 
roid which could be fed without. proddcie any demonstrable physi 
ological effect) ®and comparing only the amounts in excess — 
this dose. Similarly it would have probably been more accuré 
to subtract from the maximum nonlethal doses of the nitrile t 
maximum doses from which the mice would have recovered hac 
they received no thyroid. In this way the amounts of the pois 
actually neutralized under the influence of the thyroid would hay 
been compared. Such refinements of experimentation were, ho 
ever, not necessary for our purpose, which was simply to determi 
if there is a parallelism between the iodine content and the phy 
ological activity of the thyroid 

It may be well to emphasize again some of the precautions neces 
sary in this work. One of the most important of these is to he 
mice which have been kept under uniform conditions; the suscey 
bility of different lots of mice may vary widely even at the s 
season. Hence it is necessary to have a number of controls for of 
series of experiments. It is also necessary to work with do 
which are not too near either the minimum or the maximu 


«This method of double control is similar to the one adopted by one of us in ¢ 
paring the physiological activity of suprarenal preparations. (J. Am. M. Ass., I 
47, p. 790.) 

bcf.J.T. Cash, Brit. M.J., Lond., 1908, i, p. 1218. 
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; care is also required in making the cakes. In some of our 
riments we have worked with 1 part of thyroid mixed with 
0 parts of cracker dust. It is obvious that a uniform distribu- 
of such a small amount of thyroid in such a large amount of 
ker dust by ordinary laboratory methods requires considerable 
. That, however, remarkably concordant results may be 
sined by this method is sufficiently demonstrated by the experi- 
mts which follow. 

| Series I, 


A. SHEEP THYROID; 0.087 PER CENT IODINE. 


Weight 


of mouse Remarks. 


22.63 | Feeding of cakes each containing 0.005 gm. thyroid commenced. 
21.52 | Acetonitrile, 38.74 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 


16.32 | Thyroid as above. 


16.32 | Acetonitrile, 32.64 mgms., i. e., 2 mgms. per gm. mouse. Died 14 hours. 


20.39 | Thyroid as above. 


18.87 | Acetonitrile, 41.5 mgms., i. e., 2.2 mgms. per gm. mouse. Died 2 hours. 
ember 22... 21.79 | Thyroid as above. 
b 26... 7 PSY f 
mber 2... 
: ics 18.26 | Acetonitrile, 45.65 mgms., i. e., 2.5 mgms. per gm. mouse. Died 1 hour. 


B. SHEEP THYROID; 0.17 PER CENT IODINE. 


18.52 | Feeding of cakes each containing 0.005 gm. thyroid begun. 

17.04 | Acetonitrile, 34.1 mgms., i. e., 2mgms. per gm. mouse. Survived. 
22.92 | Thyroid as above. 

20.64 | Acetonitrile, 57.79 mgms., i. e., 2.8 mgms. per gm. mouse. Survived. 


16.00 | Thyroid as above. 


15.74 | Acetonitrile, 55.09 mgms., i. e., 3.5 mgms. per gm. mouse. Survived. 


amber 22... 20.28 | Thyroid as above. 
a 26... 18. 41 


17.08 | Acetonitrile, 78.3 mgms., i. e., 4 mgms. per gm. mouse. Died } hour. 


Cc. CONTROLS. 


Weight 


Date. of mouse. Remarks. 
1907. 
November 22... 20. . Feeding of cakes without thyroid begun. 
26. Se 20.1 
| ee 19. 85 ? 
December 2... 19.30 | Acetonitrile, 7.33 mgms., i. e., 0.38 mgm. per gm. mouse. Survived. “a 
November 22... 21. 38 | Cakes as above. 4g 
ae 20.00 2 
, 2 ee 20. 26 
December 2... 19. 07 zy 
Seek 18.86 | Acetonitrile, 8.11 mgms., i. e., 0.43 mgm. per gm. mouse. Survived. “Yr 


November 22... 22.67 | Cakes as above. . a 
26-53 20. : 
Tage 19 
December 2... 19 


Acetonitrile, 8.69 mgms., i. e., 0.45 mgm. per gm. mouse. Died 4 ho 3 


November 22... 23.63 | Cakes as above. 
2025.2 22. 89 
eee 21.65 
December 2... 21.96 
8. 1- ee . 
tas 22.43 | Acetonitrile, 10.54 mgms., i. e., 0.47 mgm. per gm. mouse. Died 2 hour 


| Summary.—The results of the above experiments may be summn 
| rized as follows: ; 
| 


< 


i i hg: ac 
nitrile ms 
Gm. thy- | Percentage| Mgm. I in m. ‘ 
roid fed ofiodine | thyroid fed Pe = 
daily. in thyroid. daily. 


Recovered 
Neat ae ie gene 8 PR Se, Ae Dea Fe EL 2 0. 005 0. 087 0. 00435 1.8 
Pe Too Sos Se Pe Se ee ee . 005 .170 . 0085 3.5 
©: Controls. 2.2 ss 2 fwd ek een ee Ce ee - 43 


The thyroid with approximately twice the amount of iodine p 
tected against approximately twice the dose of acetonitrile. 
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Series IT. 


e same thyroid preparations as above were used, but twice as 
1 of the iodine poor as of the iodine rich was given. The experi- 
ts were performed upon a different lot of mice. 


A. SHEEP THYROID; 0.17 PER CENT IODINE. 


Remarks. 


n oer Feeding of cakes each containing 0.002 gm. thyroid begun. 


15. 80 | Acetonitrile, 33.18 mgms., i. e., 2.1 mgms. per gm. mouse. Survived. 


17.54 | Thyroid as above. 


17.57 | Acetonitrile, 40.41 mgms., i. e., 2.3 mgms. per gm. mouse. Survived. 

20.08 | Thyroid as above. 

20. 65 Acetonitrile, 49.56 mgms., i. e., 2.4 mgms. per gm. mouse. Died 2 to 3 hours. 
15. 37 | Thyroid as above. 


(16.31 | Acetonitrile, 48.93 mgms., i. e., 3 mgms. per gm. mouse. Died 5} hours. 


B. SHEEP THYROID; 0.087 PER CENT IODINE. 


14.00 | Feeding of cakes each containing 0.004 gm. thyroid begun. 


14.05 | Acetonitrile, 28.1 mgms., i. e., 2 mgms. per gm. mouse. Survived. 


15.17 | Thyroid as above. 


14.28 | Acetonitrile, 32.84 mgms., i. e., 2.3 mgms. per gm. mouse. Survived. 


16.41 | Thyroid as above. 


16.30 | Acetonitrile, 40.75 mgms., i. e., 2.5 mgms. per gm. mouse. Died 2 hours. 
19.38 | Thyroid as above. 


21.46 | Acetonitrile, 60.09 mgms., i. e., 2.8 mgms.-per gm. mouse. Died 34 hours. 


C. CONTROLS.a 
Weight 
Date Sd Remarks. 
1907. | | 

December 5...| 17.55 | Feeding of cakes without thyroid begun. . 

aes 17. 38 | 

1224 17. 54 / 

14...| 17.93 

15.2. 17.80 | Acetonitrile, 3.03 mgms., i. e., 0.17 mgm. per gm. mouse. Survived. 
December 5... 15.33 | Cakes as above. 

eee 15.88 | ~ 

12s’: 16. 25 

if ae 16. 52 | 

15 e 15.97 | Acetonitrile, 3.03 mgms., i. e., 0.19 mgm. per gm. mouse. Died 14 hours. 
December 5... 17.31 | Cakes as above. 

Oe. 17.91 

1D 17.53 

ike ee 18.12 | Acetonitrile, 3.81 mgms., i. e., 0.21 mgm. per gm. mouse. Died 2} hours. 
December 5... 15.09 | Cakes as above. 

Ores 15. 24 | 

ADS 14.85 

ie Se 15.06 | Acetonitrile, 3.77 mgms., i. e., 0.25 mgm. per gm. mouse. Died 6} hours. 


alt will be noticed that the fatal dose of acetonitrile for the mice of this series was less than one-half as — 
large as that for those of the preceding series. Such variations in susceptibility are frequent and are largel} 
the result of diet, differences in age, weight, etc.; it illustrates the necessity for using only those mice whic 
have been kept under identical conditions and also the necessity for many controls. 
Summary.—The results of the above experiments may be sum 


marized as follows: 


| Fatal dose of aceto 


! nitrile in mgm 
Gm. Percentage | Mgm. I in per gm. 
thyroid fed} of iodine | thyroid fed 
daily. in thyroid. daily. 
Recovered. | Died. 
Jak io ER eh ale Sen SN Reve Oe eee SLRS 0. 004 0. 087 0. 00348 2.3 
| aap ES eg ee ROME PEM te oedema THEA” Se | 002 17 0034 2.3 
SAGOMtLOIS: Ais discern ee aa eee eee | b otacty cn 5 6 Hohl es 2 ie oe BL 


When two parts of A (0.087 per cent iodine) and one part of ] 
(0.17 per cent iodine) were fed, equal physiological effects wer 
produced. 

Series III. 


In this series both of the methods referred to above were em 
ployed, i. e., equal amounts of thyroid containing different amount 
of iodine and different amounts of thyroid containing equal amount 
of iodine were given. Unfortunately we are not absolutely certai 
that the analytical data are entirely correct for one of the prepa 
tions, viz, that stated to contain 0.061 per cent of iodine. This w 
the figure obtained on the analysis of a sample taken from the su 
face of the bottle; later analyses of the thoroughly mixed content 
of the bottle showed 0.1 per cent iodine. Inasmuch as the physic 
logical activity of the surface layer corresponded to that of thyroi 
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ontaining about 0.061 per cent iodine, and as we have often found 
hat the percentage of iodine in a sample of thyroid can be fairly 
ecurately determined by these physiological tests, we are inclined 
believe the analysis correct. Even supposing that the thyroid 
ised contained 0.1 per cent iodine, the results show that there is at 
least a general parallelism between the iodine content and the phy- 


Weight 


of mouse. Remarks. 


Feeding of cakes, each containing 0.002 gm. thyroid, commenced. 


h he 15.25 | Acetonitrile, 13.73 mgms., i. e., 0.9 mgm. per gm. mouse. Survived. 
November 28...) 18.04 | Thyroid as above. 
é 30... 17. 82 
December 3 17.63 
* oe 17.19 
a 17.36 | Acetonitrile, 19.1 mgms., i. e., 1.1 mgms. per gm. mouse. Survived. 
November ee 19.99 | Thyroid as above. 
es 30. . 20. 39 
December 3 21.38 
* Gee 20. 59 
% Mele 20.64 | Acetonitrile, 24.77 mgms., i. e., 1.2 mgms. per gm. mouse. Died, 3 hours. 
November 28. . . 18.89 | Thyroid as above. 
bi aOR. 18. 08 
December 3... 17.93 : 
= ie 17. 52 
- Sag 17.88 | Acetonitrile, 23.24 mgms., i. e., 1.3 mgms. per gm. mouse. Died, 1 hour. 
B. SHEEP THYROID; 0.061 PER CENT IODINE. 
} 1907. 
November 28. . . 16.32 | Feeding of cakes, each containing 0.006 gm. thyroid, commenced. 
a 30... 16. 24 
December 3... GY YIG 
ae 15. 52 
Tieque 15.72 | Acetonitrile, 23.58 mgms., i. e., 1.5 mgms. per gm. mouse. Survived. 
November 28...) 15.06 | Thyroid as above. 
3 eee 13x85 
December 3... 13. 50 
Of: 13. 23 
frog 13.60 | Acetonitrile, 32.64 mgms., i. e., 2.4 mgms. per gm. mouse. Survived. 
November 28...) 17.62 | Thyroid as above. 
4 aQs< - 17. 46 
December 3... 18. 06 
‘ Gu. - 17. 78 
Ges - 19.05 | Acetonitrile, 59.06 mgms., i. e., 3.1 mgms. per gm. mouse. Survived. 
+= 
November 28. . . 21.43 | Thyroid as above. 
30. 20. 97 
Acetonitrile, 69.55 mgms., i. e., 3.6 mgms. per gm. mouse. Died, three- 
fourths hour. 
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C. SHEEP THYROID; 0.1922 PER CENT IODINE. 


Weight 
Date. of mouse. Remarks. | 
1907. 
November ae “ Md Feeding of cakes, each containing 0.002 gm. thyroid, commenced. 
December 3... 17. 50 
6... 16.77 
thei 17.24 | Acetonitrile, 37.93 mgms., i. e., 2.2 mgms. per gm. mouse. Survived. 
November 28. . . 16.00 | Thyroid as above. 7 
30... 16.85 
December 3... 16. 07 ° 
ee 15. 47 
(pee 14.92 | Acetonitrile, 41.78 mgms., i. e., 2.8 mgms. per gm. mouse. Survived. 
November 28... 21.85 | Thyroid as above. 
Soe 20. 05 
December e ae 22. 40 
ee 20. 92 
8. “ 21.16 | Acetonitrile, 69.83 mgms., i. e., 3.8 mgms. per gm. mouse. Survived. 
November 28. . . 17.67 | Thyroid as above. 
S0fe- 15. 59 
December 3... 16. 07 
Oa 16.17 
Si. 15.71 | Acetonitrile, 58.13 mgms., i. e., 3.7 mgms. per gm. mouse. Died, one-half hour 
D. CONTROLS. 
1907. 
November 28. . . 21.77 | Feeding of cakes without thyroid begun. 
SO ees 21.92 
December 3... 21.09 
6a 20. 78 : ; 
Sa-2 20.57 | Acetonitrile, 5.14 mgms.,i.e., 0.25 mgm. per gm. mouse. Died, about 2 hour: 
November 28. . - 24.50 | Cakes as above. 
30... 23. 96 
December 3... 24. 51 
O-= 24. 32 
Se.8 24.51 | Acetonitrile, 7.35 mgms., i. e., 0.8 mgm. per gm. mouse. Died 1} hours. 
November 28. - . 21.86 | Cakes as above. 
BOL S 21. 50 
December . 3... 21. 52 
Gc 20. 74 
So 21.50 | Acetonitrile, 7.53 mgms., i. e., 0.85 mgm. per gm. mouse. Died 3 hours. 


Summary.—The results of the above experiments may be summeée 
rized as follows: 


Pat ee 
n e mgT 
Gm. thy- | Percentage} Mgm. J in ‘ i 
roid fed of iodine thyroid dest > 

daily. in thyroid. | fed daily. 


Recovered 
LD pl eae Sneak eg SOE Yea ty 8 ere tear ne a pe BE 0. 002 0. 061 0. 00122 «iT 
Roe ee one no atte one sce bc OUN ie seh veto - O61 . 00366 3.1 
Pe ge ee Bee A LE eee as eae ee 002 192 . 00384 3.3 
BD, RRIIOUD 6 do oa ence sows Uermiviendaors oie eee eR ee eae ees ere 


Two thousandths of a gram of thyroid containing 0.192 per 
iodine protected mice against as much acetonitrile as did 0.006 g 
thyroid containing but 0.061 per cent iodine. ; 


<= 
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ur her, with equal amounts of the two thyroid preparations, that 
‘aining 0.192 per cent iodine protected against three times as much 
tor itrile as did that containing but 0.061 per cent iodine. 


Series IV. 


A. SHEEP THYROID; 0.1 PER CENT IODINE. 


ate. Ca Sel Remarks. 
ary 15 ss cy os Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
iee..| > 26.52 
ee 26. 50 
Been = 26.50 | Acetonitrile, 37.1 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 
lose. 21.47 Thyroid as above. 
» ae 22. 05 
ae 21. 36 
oe 20.00 | Acetonitrile, 30 mgms., i. e., 1.5 mgms. per gm. mouse. Survived. 
woos... 27.50 | Thyroid as above. 
i a 27. 88 
a 27.92 
Ts 27. 88 
| Same 25.50 | Acetonitrile, 43.35 mgms., i. e., 1.7 mgms. per gm. mouse. Died, 1} hours. 
7 eee 22.38 | Thyroid as above. 
toe 5 23. 56 
ae 22. 35 
a 22. 22 
7A; re 22.02 | Acetonitrile, 44.04 mgms., i e., 2mgms. per gm. mouse. Died, 2 hours. 


B. SHEEP THYROID; 0.19 PER CENT IODINE. 


y fe eee oa s Feeding of cakes each containing 0.001 gm. thyroid commenced. 

TOS... : : 

Bess. 27. 43 

a 26.70 | Acetonitrile, 53.4 mgms., i. e., 2 mgms. per gm. mouse. Survived. 
i 20.88 | Thyroid as above. 

ss - 22. 50 

_ re 22. 45 

_ 21. 58 

2 21.90 | Acetonitrile, 54.75 mgms., i. e., 2.5 mgms. per gm. mouse. Survived. 

Wiis ==. 19.30 | Thyroid as above. 

_ 19. 42 

| Sn 18. 58 

/ 18. 58 

_ on 19.25 | Acetonitrile, 51.98 mgms., i. e., 2.7 mgms. per gm. mouse. Survived. 

ee =. 21.52 | Thyroid as above. 

_ a 20. 91 

 ——— 21. 22 

a 20. 69 

| Se 20. 93 


Acetonitrile, 62.79 mgms., i. e., 3 mgms. per gm. mouse. Died 1 hour. 


>» 
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C. SHEEP THYROID; 0.1 PER CENT IODINE. © 


Weight 
Date. oicrigiicn. Remarks. 
1908. | ; 
January 15..... 20.00 Feeding of cakes each containing 0.005 gm. thyroid commenced. 
1635-5: 20. 30 | 
v4 20. 27 | 
ot Sees 19.70 , Acetonitrile, 68.95 mgms., i. e., 3.5 mgms. per gm. mouse. Survived. ’ 
=¢ 
January 15..... 22.52 | Thyroid as above. 
| ee 21. 51 
a 21. 36 
7 ee 20. 72 
21 ee 21.21 | Acetonitrile, 95.45 mgms., i. e., 4.5 mgms. per gm. mouse. Survived. 
January 15..... 22.72 | Thyroid as above. : 
if. eee 22. 98 y 
7) eee 22. 50 , 
yi Wee 22. 22 
202.5% 21.75 | Acetonitrile, 108.75 mgms., i. e., 5 mgms. per gm. mouse. Died 1} hours. 
January 15..... 21.55 | Thyroid as above. * 
ie. ve 22. 58 
lees ay 22. 68 
>, ae 22.70 ' 
72, i ayaa 22.50 | Acetonitrile, 123.75 mgms., i. e., 5.5 mgms. per gm. mouse. Died 2} hours. 
D. SHEEP THYROID; 0.19 PER CENT IODINE. 
1908. 
January 15..... 23.13 | Feeding of cakes each containing 0.005 gm. thyroid commenced. 
eee 21. 30 
7) er 22. 12 
7 as 21.06 | Acetonitrile, 84.24 mgms., i. e., 4mgms. per gm. mouse. Survived. 
January 15..... 24.17 | Thyroid as above. 
a eee 25. 28 
74 \ieeerr 24. 44 
7. ae 23. 40 ‘ 
O60 24.25 | Acetonitrile, 133.38 mgms., i. e., 5.6 mgms. per gm. mouse. Died 2 hours. 
January 15..... 21.67 | Thyroid as above. 
he Bese 21. 80 
re 20. 90 i j 
eee 19. 62 


7 «Yara 19.38 | Acetonitrile, 116.3 mgms., i. e., 6mgms. per gm. mouse. Died 5hours. 


The experiments on the controls for this series were somewh 
irregular, but the fatal dose was apparently between 0.4 and 0.5 mg 
acetonitrile per gram mouse. | 


SUMMARY. 


ie a au 

nitrile in mgm 
Gm. thy- | Percentage | Mgm. I in , “- 
roid fed | of iodine | thyroid fea| 2° &™ 
daily. in thyroid. daily. 


Recovered. | D 
Pe soe Lab tic aie ches,s ae cco Sie ee oe ee 0. 001 0.1 0. 001 1.4 
Be eo eee vb ieee es fas Ea tae eee O01 .19 0019 27 
yo EERSTE Se EA ee RD ot Dette neh 9, 005 rp 4.5 
at lea 5 oer bit bis ie ieee Pe ee Oe ee 005 .19 0095 4.0 
ROOTUITOIS < ooo cece ccc ercw cw cece sein cys ewsceus come laps oon ees oe | Mantes bees] Ceaea ann .4(?) 
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‘rom A and B it is seen that the thyroid containing 0.19 per 
it iodine was nearly twice as active as that containing 0.1 per 
nt. In C and D the effects (with 0.005 gm. thyroid in each cake) 
re apparently maximum in each case, so that no difference in 


e activity of the two preparations was apparent. 


SERIES V. 


e 


A series very similar to the above is the following: 


A. SHEEP THYROID; 0.1 PER CENT IODINE. 


Weight ees 
Date. of mouse. Remarks. 
——- 1908. ; 
bruary a ae ze. a Feeding of cakes each containing 0.001 gm. thyroid commenced. 
r i il. 
17 22. 07 
20. .<. 21. 61 
ae 21. 74 | Acetonitrile, 34.78 mgms., i. e., 1.6 mgms. per gm. mouse. Survived. 
Feb ery ll... 23.06 | Thyroid as above. 
/ i 21. 13 
17 21. 76 
mou. 20. 94 
(Meson 21.77 | Acetonitrile, 45.72 mgms., i. e., 2.1 mgms. per gm. mouse. Died 2} hours. 
february 11.... 18.50 | Thyroid as above. 
7 i 17. 79 
iia ge oc 17. 47 
’ |) 17.43 | Acetonitrile, 43.58 mgms., i. e., 2.6 mgms. per gm. mouse. Died 34 hours. 
Feb (ah 20.14 | Thyroid as above. 
é hae. 17. 48 
eae 17. 81 ; 
20) 254 17.45 | Acetonitrile, 52.35 mgms., i. e., 3 mgms. per gm. mouse. Died 2} hours. 
B. SHEEP THYROIDS; 0.19 PER CENT IODINE. 
1908. 
Pebruary 11... . 16.80 | Feeding of cakes each containing 0.001 gm. thyroid commenced. 
=i 14. 16. 02 
1 16. 41 
ra >) are 17.10 | Acetonitrile, 34.2 mgms., i. e., 2 mgms. per gm. mouse. Survived. 


21.25 | Thyroid as above. 


17.13 | Acetonitrile, 42.83 mgms., i. e , 2.5 mgms. per gm. mouse. Survived. 


16.38 | Thyroid as above 


15. 59 | eAcetonitrile, 46.77 mgms., i. e., 3 mgms. per gm. mouse. Survived. 


21.69 | Thyroid as above. 


20. 90 Acetonitrile, 73.15 mgms., i. e., 3.5 mgms. per gm. mouse. Died 1} hours. 


—— 
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7 m - = : Br, a 
C. CONTROLS. : 
Weight . 
Date. of mause. Remarks. 
1908. ; 2 

February 11.... 13.98 | Feeding of cakes without thyroid commenced. 

» bee 13. 91 

iW ene 14. 26 

vb eae 13. 75 

PA ee 14. 33 | Acetonitrile, 4.59 mgms., i. e., 0.32 mgm. per gm. mouse. Survived. 
February 11.... 19.48 | Cakes as above. 

iC 17. 70 

i ee 17. 45 

20: Ss 16. 90 

7) ae 17.42 | Acetonitrile, 6.62 mgms., i. e., 0.88 mgm. per gm. mouse. Survived. 
February 11.... 14.98 | Cakes as above. 

: 1a 13..08 

1 ae 12. 72 

va Veena 12. 85 

Hee 13.04 | Acetonitrile, 7.17 mgms., i. c., 0.55 mgm. per gm. Mouse. Died 43 how 


Summary.—The results of the above experiments may be 
marized as follows: g 


Fatal dose of 
nitrile in m 
Gm. thy- | Percentage | Mgm. I in an 
roid fed | of iodine |thyroidfea| P° ®&™ 
daily. in thyroid. daily. 


Recovered. | Di 
7: i 5 Se Ae eee REN Me ee ene) Sm nao ay Sn 0. 001 0.1 0. 0010 1.6 
ctigiicy CANN decir ee Paes Oh aa eyo Reiley ES MR hc ake 001 .19 0019 3.0 
@. Controls... 2... eck ce eieen ccc ct ec we cies c cecum bio nee cee es Oe ee ee 38 
. 
Series VI. 


In this series the effects of a number of commercial thyroid powd 
with different percentages of iodine were compared; the effects 
different amounts were also compared. 

A. SHEEP THYROID; 0.11 PER CENT IODINE. 


Weight . 
Date. Siasionse. Remarks. 
1908. 
Pra Se 13. 41 | Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Meer sce 12. 68 
4 ee 13. 32 
AGy 25 2 13.25 | Acetonitrile, 26.50 mgms., i. e., 2 mgms. per gm. mouse. Survived 
men Be5 i539 12.82 | Thyroid as above. \ 
i eee set 12. 30 
Teepe: 13. 26 4 
iO: eee 13. 22 
5 fee ae 13.13 | Acetonitrile, 32.83 mgms., i. e., 2.5 mgms. per gm. mouse. Survived. — 
were Sr). se 14.63 | Thyroid as above. 
if Pee : 14. 72 
if Cae 14. 06 
1 ES 13. 54 4 
hy ieee et 13.22 | Acetonitrile, 39.66 mgms., i. e., 3 mgms. per gm. mouse. Died 10 hours. 
Bor 8.5.5... 13.17 | Thyroid as above. 
SS oe 13. 50 \s 
1 Oe 12. 90 ¢ 


USERS 13.02 | Acetonitrile, 45.57 mgms., i. e., 3.5 mgms. per gm. mouse. Died 14 hot 


« 
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Al. SAME PREPARATION AS ABOVE. 


* Remarks. 


Feeding of cakes each containing 0.002 gm. thyroid commenced, 
Acetonitrile, 53.96 mgms., i. e., 3.8 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 50.8 mgms., i. e., 4.1 mgms. per gm. mouse. Survived. 
Thyroid as above. * 


eeeeentieile, 61.64 mgms., i.e., 4.6 mgms. per gm. mouse. Died three-fourths 
our. 


. SHEEP THYROID; 0.13 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Acetonitrile, 37.4 mgms.. i. e., 2.2 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 49.2 mgms., i. e., 2.4 mgms. per gm. mouse. Survived. 
Thyroid as above. 

Acetonitrile, 48.22 mgms., i. e., 2.7 mgms. per gm. mouse. Died 4 hours. 
Thyroid as above. 

Acetonitrile, 35.9 mgms., i. e., 2.8 mgms. per gm. mouse. Survived. 


. SHEEP THYROID; 0.13 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Acetonitrile, 33.88 mgms., i. e., 2.2 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 47.4 mgms., i. e., 2.6 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 49.5 mgms., i. e., 2.9 mgms. per gm. mouse. Survived. 
Thyroid as above. 


Acetonitrile, 52.27 mgms., i. e., 3.1 mgms. per gm. mouse. Died 14 hours. 


| 
| 
| 
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D. SHEEP THYROID; 0.1 PER CENT IODINE. - —— ; a 
.-. 
Weight of 
Date wiGlise. Remarks. 
1908. 
ADT See. Sooo 16. 34 | Feeding of cakes each containing 0.001 gm. thyroid commenced. | 
fi bi ts 16. 31 
iY A aoa 16. 06 
NG et en 15.77 | Acetonitrile, 36.27 mgms., i. e., 2.3 mgms. per gm. mouse. Survived. 
OT Gp. <n 13.50 | Thyroid as above. q 
1 1 Fae Rais 14. 42 
UG. Ree eh 14. 83 
16 14. 43 
ly eae 14.95 | Acetonitrile, 40.38 mgms., i. e., 2.8 mgms. per gm. mouse. Survived. | 
=. 
| i. Sor 15.07 | Thyroid as above. 
(A Nae 15. 76 | 
i oe 14. 47 : | 
| ea a 14.22 | Acetonitrile, 48.35 mgms., i. e., 3.4 mgms. per gm. mouse. Survived. | 
7:9 019) UN. Sees 14.12 | Thyroid as above. | 
ie ey S| 13. 92 j 
i eee 13. 63 ; 
1 hy ce ees 12. 93 
1k ee, 13. 42 | Acetonitrile, 50.99 mgms., i. e., 3.8 mgms. per gm. Mouse. Survived. 
D1. SAME PREPARATION AS ABOVE. 
1908. 
22016 | ie aera 14.88 | Feeding cakes each containing 0.002 gm. thyroid commenced. 
1 Th Le ae ee 15. 12 
it ren 14. 50 , 
162-2 sete 14.50 | Acetonitrile, 52.2 mgms., i. e., 3.6 mgms. per gm. mouse. Survived. 
PND TIL ES. Hse 10.94 | Thyroid as above. 
iY eee 11.30 
ae Fae 11. 48 
il eerie 10. 83 | Acetonitrile, 41.15 mgms.,i.e., 3.8 mgms. per gm. mouse. Died about 30 how 
1:9 05 8 heats Soe 14. 94 Thyroid as above. 
1h Be ee 14. 82 
14 ee 13. 39 
Ly (arcs 8 12. 88 
ASnek ee 12.13 | Acetonitrile, 47.3 mgms., i. e., 3.9 mgms. per gm. mouse. Died 5 hours. 
7.4 0 dU Serene 13.05 | Thyroid as above. 
1 ee ee. 13. 98 
. WAS Ss aoe 14. 06 
1 (poe ee ies 13. 75 
Se sae 13. 66 | Acetonitrile, 56 mgms., i. e., 4.1 mgms. per gm. mouse. Died 1? hours. 
E. SHEEP THYROID; 0.19 PER CENT IODINE. 
1908. 
PSY Soro ioe 12.40 | Feeding cakes each containing 0.001 gm. thyroid commenced. 
11) ME eee 12. 70 
i ee aA ote 12. 37 
BRS Sree 12.26 | Acetonitrile, 50.27 mgms., i. e., 4.1 mgms. per gm. mouse. Survived. 
ADI Sods. o 13.59 | Thyroid as above. 
Wise sees 13. 76 
1 Yee Se Se = 13. 45 
Ge oe eee 13. 00 
Ver ae Ser 12.85 | Acetonitrile, 56.54 mgms., i. e., 4.4 mgms. per gm. mouse. Survived. 
Wpril, 8). -2.0-- 17.55 | Thyroid as above. 
iW a ee 18. 12 | 
ee 18. 02 - | 
10: o323:6. 19.24 | Acetonitrile, 88.5 mgms., i. e., 4.6 mgms. per gm. mouse. Died 14 ho rs. 
To) era 14.74 | Thyroid as above. 
Ee ae 14. 48 
DAs mae ee 14. 55 
LW RSS? Pe 14. 56 


Acetonitrile, 68.43 mgms., i. e., 4.7 mgms. per gm. mouse. Survived, 
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F. SHEEP THYROID; 0.19 PER CENT IODINE. 


Weight of 


mouse Remarks. 


12.02 | Feeding of cakes each containing 0.001 gm. thyroid commenced. 
1¢ ae 11 Acetonitrile, 42.22 mgms., i. e., 3.8 mgms. per gm. mouse, Survived. 


| 14.37 | Thyroid as above. 

1. ee 13. 74 

a 12.90 | Acetonitrile, 56.76 mgms., i. e., 4.4 mgms. per gm. mouse. Survived. 
13.08 | Thyroid as above. 

a... 13. 36 


a 13. 52 ; 
aa 12.94 | Acetonitrile, 62,11 mgms., i. e., 4.8 mgms. per gm. mouse. Died 24 hours 


SUMMARY. 


Fatal meg of aceto- 

Pp vs f nitrile in mgms., 
Gm. centr Mgm. I In per gm. 6 

thyroid todine ta thyroid 

fed daily. thyroid. fed daily. |——— - 


Recovered. | Died. 


ONS 0. 001 0.11 0. 0011 2.5 3.0 
nd 002 ain 0022 4.1 / 4.6 
0. i oe Sr 001 13 0013 2.8 | 2.7 
eS 001 13 0013 2.9 3.1 
Se 001 10 0010 3.8 [> ae 
4 SSS 002 - 10 0020 3.8 3.9 
a Se a 001 -19 0019 4.7 4.6 
Meee ee ee ete 001 19 0019 4.4 4.8 


n the above series the physiological activity of thyroid contain- 
0.11, 0.13 (two samples), 0.10, and 0.19 per cent (two samples) of 
ne was compared; the preparations were from different manu- 
urers and were received at different times. Three of the samples 
1 the lower percentages of iodine produced approximately equal 
sts. The two samples with the higher percentages also pro- 
ed equal effects; the latter were nearly twice as great as those 
luced by the former. Moreover, one of the weaker preparations, 
wice the amount, produced an effect about equal to that of one 
he stronger ones. We encountered in this series one of the few 
sptions to the general rule that the physiological activity of a 
‘oid preparation is parallel to the iodine content. The prepara- 
| D, containing 0.1 per cent iodine, was as active as E and F, 
sh contained 0.19 per cent iodine. Possibly there was some 
rin the weighing of the thyroid or the making of the cakes. In 
urlier series with the same preparations the ones with the larger 
entages of iodine were about twice as active as the one with the 
ler percentage of iodine. 
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In this series the comparative physiological activity of two ss 
ples of a commercial preparation, Thyraden, was determined; t 
results with a sample of desiccated sheép thyroid containing vy 
nearly the same percentage of iodine are introduced for the sake 


A. THYRADEN (A); 0.085 PER CENT IODINE. 


B. THYRADEN (B); 0.085 PER CENT IODINE. 


comparison. 
Weight of 
Date i mouse. 
1908. 

SI ag Fe ae mae 15. 87 
Beart 14. 43 
1 Me Rene oe 13. 57 
dE poem eee 

ARTUN ASE aaa ae 16. 05 
QE eee 14.10 
gL eee ei 14. 00 
Cee as eee 

Ea: ar 14. 89 
eee 13. 50 
Moe oe 13. 33 
ZS ets ee ees 

hah ae 13. 42 
Sees s 10. 41 
Mee eee 9. 85 
1908. 

Lb es ete 15. 38 
ete 14. 28 
ee 14. 44 
| (aed Se he eee SAS 

Palys Be... 25,2 11. 37 
Ne eee 10. 97 
1S es ee 10. 60 
BASF es al Pa 

DULY Oe sc ce oc 15. 00 
Lee. 13. 98 
pS, oe oe 12. 21 
{AR eee er howe e opr oy 

Puly Bo. 25.52 15. 83 
Da re eee 15. 20 
1 Pe eae andes 15. 65 
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Series VII. 


eee 


————e 


Remarks. 


PEE w wee Py ENED Be: 


Feeding of cakes each containing 0.001 gm. thyraden commenced. 
Acetonitrile, 8.14 mgms., i. e., 0.6 mgm. per gm. mane Survived. 
Thyraden as above. 
Survived. 


Acetonitrile, 9.24 mgms., i. e., 0.66 mgm. per gm. mouse. 


Thyraden as above. 


ye 


Acetonitrile, 10 mgms., i. e., 0.75 mgm. per gm. mouse. Died 13 hours, — 


+ 


Thyraden as above. 


Acetonitrile, 9.85 mgms., i. e., 1 mgm. per gm. mouse. Died 1}hours. — 


Feeding of aie each containing 0.001 fo thyraden commenced. 
Acetonitrile, 6.50 mgms., i. e., 0.45 mgm. per gm. mouse. Survived. 
Thyraden as above. 
Acetonitrile, 5.30 mgms., i. €., 0.5 mgm. per gm. mouse. Sursisalle 
Thyraden as above. 
Acetonitrile, 6.72 mgms., i. e., 0.55 mgm. per gm. mouse. Died 2} hours. 


Thyraden as above. 
Acetonitrile, 10.96 mgms., i. e., 0.7 mgm. per gm. mouse. Died 2} ho rs. 


% 
4 


C. SHEEP THYROID; 0.092 PER CENT IODINE. 


Weightof 


mouse. Remarks. 


15.90 | Feeding of cakes each containing 0.601 gm. thyroid begun. 


Pe. 15. 05 
Acetonitrile, 6.77 mgms., i. e., 0.45 mgm. per gm. mouse. Survived. 
me .. 14.14 | Thyroid as above. 
. 2 13. 44 
etl. << 13. 50 - 
|| Acetonitrile, 8.1 mgms., i. e., 0.6 mgm. per gm. mouse. Died 14 hours. 
17.79 | Thyroid as above. 
A t's 15.75 
es - 15. 80 
EE Acetonitrile, 11.85 mgms., i. e., 0.75 mgm. per gm. mouse. Died 2} hours. 
a... - 12. 67 Thyroid as above. 
11. 82 
oe 10.90 | Acetonitrile, 11.99 mgms., i. e., 1.1 mgms. per gm. mouse. Died 14 hours. 


D. SHEEP THYROID; 0.092 PER CENT IODINE. 


13.73 | Feeding of cakes each containing 0.0005 gm. thyroid commenced. 
11.95 | Acetonitrile, 3.94 mgms., i. e., 0.33 mgm. per gm. mouse. Survived. 
16.90 escola as abeve. 

Bee Sa Se Acetonitrile, 5.87 mgms., 1. e., 0.38 mgm. per gm. mouse. Died 24 hours. 
14.95 | Thyroid as above. 


12. 92 | 
55 Acetonitrile, 5.81 mgms., i. e., 0.45 mgm. per gm. mouse. Died 2 hours. 


E. THYRADEN (A); 0.085 PER CENT IODINE. 


19. 41 | Feeding of cakes each containing 0.002 gm. thyraden commenced. 


16.02 | Acetonitrile, 19.22 mgms., i. e., 1.2 mgms. per gm. mouse. Survived. 
See 10.77 | Thyraden as above. 

Sa 8. 52 
a 8.25 


st Saee Acetonitrile, 10.72 mgms., i. e., 1.8 mgms. per gm. mouse. Died 2 hours. 


- ee 14.15 | Thyraden as above. 
10. 66 
ee. . 9. 40 
eee Acetonitrile, 15.24 mgms., i. e., 1.62 mgms. per gm. mouse. Died 2} hours. 


: 
| 
| 
i | 
1 


F. THYRADEN (B); 0.085 PER CENT IODINE. 


ae Weight of 
Date. TmOUSE: Remarks. 
1 
WUE ee oe Ue =a Feeding of cakes each containing 0.002 gm. thyraden commenced. 
OS nen 12. 
Da ee 11.78 
oe Te eee eae Acetonitrile, 12.96 mgms., i. e., 1.1 mgms. per gm. mouse. Survived. — 
TOY eos eek 14.07 | Thyraden as above. : 
De este 12. 72 ; 
i eee rae 12.77 
Denes, 5) Pe ee! Acetonitrile, 16.6 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 
1 UL 2h eee cae 14.56 | Thyraden as above. 
eee: 13. 80 
ASE cae 13.27 : 
1S 62> ee A ee Acetonitrile, 18.57 mgms., i. e., 1.4 mgms. per gm. mouse. Died 2? ho 
MNS POS oc = cere 16.24 | Thyraden as above. 
aa one oe 13. 80 
1 eae eer ee 13.60 | Acetonitrile, 20.40 mgms., i. e., 1.5 mgms. per gm. mouse. Died 3% hour 
G. CONTROLS. 
1908. ! 
JULY Oe ciao ee ie a Feeding of cakes without thyroid commenced. | 
"i arias 14. 45 | 
(KE ere eee aes Acetonitrile, 3.03 mgms., i. e., 0.21 mgm. per gm. mouse. Survived. | 
| 
Wiliveds see ase oe 15.08 | Cakes as above. | 
semi ct 13. 50 
1a eee 13.50 | 
Tem ae 12.95 | Acetonitrile, 3.5 mgms., i. e., 0.27 mgm. per gm. mouse. Survived. 
Uy 32: eee 15.89 | Cakes as above. 
Oes> sete 13. 40 
Ths: ee 13.50 | Acetonitrile, 4.05 mgms., i. e., 0.8 mgm. per gm. mouse. Survived. 
GUY 3.25 ease 18.08 | Cakes as above. 
ee toi 17. 07 
i Se 17.63 
sb ag SOE VS ta Rabat Acetonitrile, 5.47 mgms., i. e., 0.31 mgm. per gm. mouse. Died 43 hour 
iy, Soe. ae 16.04 | Cakes as above. _ J, ‘ 
OLR see 14.12 . 
ih ere ree 14. 86 ; ; 
| by ae 2 aes | (ee eae Acetonitrile, 5.05 mgms., i. e., 0.34 mgm. per gm. mouse. Died 3} hou 
SUMMARY. 
Total oe 
onitrile in mg! 
Gm. Percentage | Mgm.Iin | per gm. 
thyroid of iodine thyroid 
fed daily. |in thyroid. | fed daily. 73 
Recovered. i 
Bae ccna ce sn ed eae 0. 001 0. 085 0. 00085 0.66 | 
13 Ta AIOR eC E Tee Meee sa Re a an eS emi nvr 001 - 085 . 00085 6 
Nant Fe oe ea ee ee eae ae ee eae O01 092 . 00092 45 
i EE ee Sek ne ae ee ee a Oe ES eae «PL 0005 092 - 00046 Bi 
1 OE a AS a ee et oie ee RS EE Ct Getrag Coe eh 002 O85 - 00170 1.2 
GE oe SEN EPR OE OEE oa 002 085 00170 1.3 
CRCOUINOIS cba. os ck kc aics os shee on cla ae Sete Ste es eee Game .3 
c 
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ese experiments show that the physiological activity of the two 
sles of Thyraden was approximately the same, in harmony with 
equal iodine content. Their activity was not far removed from 
of a thyroid preparation containing approximately the same 
entage of iodine. Double the amount of Thyraden protected 
nst almost twice the dose of acetonitrile. 


Series VIII. 


The physiological activity of two samples of commercial thyroid 
ets were compared in this series. The tablets were pulverized 
amounts containing definite quantities of thyroid were fed. 


A. THYROID; 0.38 PER CENT IODINE. 


Weight of 


mouse. Remarks. 


—— — _ _ = — 


18.45 | Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Bees wie 16.95 | Acetonitrile, 23.73 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 


22.00 | Thyroid as above. 


Se pa Acetonitrile, 35.39 mgms., i. e., 1.7 mgms. per gm. mouse. Survived. 
17.28 | Thyroid as above. 
ee.) ......... Acetonitrile, 27.18 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 


14.70 | Thyroid as above. 
13.20 | Acetonitrile, 26.40 mgms., i. e., 2 mgms. per gm. mouse. Died 3 hours. 


B. THYROID; 0.38 PER CENT IODINE. 


13.00 | Feeding of cakes each containing 0.005 gm. thyroid commenced. 


11.75 | Acetonitrile, 21.15 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 


15.18 | Thyroid as above. 

11.86 | Acetonitrile, 32.20 mgms., i. e., 2.8 mgms. per gm. mouse. Survived. 
16.40 | Thyroid as above. 

hee Acetonitrile, 47.46 mgms., i. e., 3.5 mgms. per gm. mouse. Survived. 


15.85 | Thyroid as above. 


ee Acetonitrile, 60.86 mgms., i. e., 4.2 mgms. per gm. mouse. Survived. 


10° 


C. THYROID; 0.065 PER CENT IODINE. 


Weight of 
Date. mouse. 
1908. 
September 24... 13. 35 
28... 13. 34 
October.2 .....- 12.54 
September 24... 12.70 
28 12.36 
October 2 .....-. 11.58 
Bt. eee ee Re me 
September 24... 16.10 
2B-H¢ 16. 24 
October ee ee 15.97 
September 24. - . 20.88 
28... 20. 62 
October 2 .....- 17.73 
1908. 
September 24. -- 19.55 
28... « 19.90 
October 2 ....-.. 19.13 
September 24... 13. 89 
28 ie 13.70 
October 5 +35228 13. 60 
September 24... 18. 60 
28.305 18. 20 
October : Beare 17.00 
September 24... 13.15 
285 « 13. 06 
October 2 .....-. 10.55 


Feeding of cakes each containing 0.005 gm. thyroid commenced. 


Remarks. 


Feeding of cakes each containing 0.001 gm. thyroid commenced 


Acetonitrile, 5.64 mgms., i. e., 0.45 mgm. per gm. mouse. Survived. — 


Thyroid as above. 
Acetonitrile, 5.79 mgms., i. e., 0.50 mgm. per gm. mouse. Survived. 4 
Thyroid as above. 
Acetonitrile, 9.26 mgms., i. e., 0.58 mgm. per gm. mouse. Died 23h a S. 


Thyroid as above. 


Acetonitrile, 12.41 mgms., i. e., 0.7 mgm. per gm. mouse. Died 1 hour. : 


D. THYROID; 0.065 PER CENT IODINE. 


Survived. 


se 


Acetonitrile, 22.96 mgms., i. e., 1.2 mgms. per gm. mouse. 
Thyroid as above. 

Acetonitrile, 21.76 mgms., i. e., 1.6 mgms. per gm. mouse. Survived. 
Thyroid as above. 
Survived. 


Acetonitrile, 32.3 mgms., i. e., 1.9 mgms. per gm. mouse. 


Thyroid as above. 


Acetonitrile, 21.10 mgms., i. e., 2 mgms. per gm. mouse. Died 24 ho 


Five times as much thyroid was required in D as in A to pro 
a given physiological effect; this difference corresponds fairly « 
with the differences in the percentages of iodine. 

Many other experiments with results similar to the above 
performed; a number of them will be reported later in other cor 
More than twenty preparations of commercial desice 
thyroids were examined and, with possibly one exception, 


tions. 


SUMMARY. 
Fatal. dose 0 
nitrile iil 
Gm. thy- | Percentage| Mgm. I per gm. 
roid fe of iodine in thy- ® 
daily in thyroid. | roid fed. - 
Recovered. | I 
Jao aitiahs pene 0.001 0. 38 0. 0038 
Ree AA ras As - 005 . 38 .019 
era - 001 065 - 00065 
Sg Aas ie re ye eee - 005 065 - 00325 
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uctivity was parallel to the iodine content. In the exceptional case 


the percentage of iodine; possibly the thyroid had been overheated 
n the process of drying or had undergone some decomposition, 
‘although there is little evidence that such treatment will materially 


Occasionally we encountered a series of experiments in which 
rregular results were obtained. In such cases the experiments 


The irregularities had probably resulted from some error in making 
the cakes or the amount of thyroid fed had been too large or too 
‘small to give results which could be compared, or perhaps the mice 
had not been kept under uniform conditions before the thyroid 
was fed. 

__ As pointed out elsewhere,“ we have been able to foretell with con- 
‘siderable accuracy the ene content of a thyroid preparation by 
comparing its physiological activity with that of another preparation 
“the iodine content of which was known. 


1. EXPERIMENTS WITH THYROID FROM VARIOUS ANIMALS. 


One of the present writers’ has shown in a previous publication 
‘that there is a parallelism between the amount of iodine and the 
physiological activity of the thyroid of a number of animals (guinea 
“pig, cat, beef, sheep, hog, etc.). Thus a sample of hog thyroid with 

0. 33 per cent Caine was about six times as active as one of guinea pig 

thyroid with 0.05 per cent; a sample of sheep thyroid with 0.176 
per cent was approximately Ceres times as active as the guinea pig and 

but one-half as active as the hog thyroid, ete. 

_ We have been able to extend these observations to the thyroids of 

a large number of wild animals.¢ The results were similar, but the 

parallelism was not as strict as when thyroids of the same species 

‘were compared. The following illustrations may be given: The 

thyroid of a deer with 0.193 per cent iodine was about three times as 

active as that of a Barbary sheep with 0.075 per cent; that of the | 

Barbary sheep was more than twice as active as that of a sea lion 

with 0.022 per cent iodine. The thyroid of a cat with 0.08 per cent 

‘iodine was about as active as that of the Barbary sheep with 0.075 per 

pent, but it was distinctly more active than that of a dog with 0.111 
per cent. 

: If we accept the view that iodine ae thyreoglobulin has a low 

degree of physiological activity, then such slight discrepancies may 

be explained on the supposition that different thyroids, with equal 


aR. Hunt and A. Seidell, J. Am. M. Ass., Chicago, 1908, 51, p. 1385. 
oR. Hunt, J. Am. M. Ass., Chicago, 1907, 49, p. 1324. 
¢ A few of these results were quoted on pp. 45 and 48. 
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percentages of iodine, have unequal amounts of this iodine-fre 
material; the latter has a slight but distinct action. F 

Results similar to the above were obtained with the thyroid botl 
of normal dogs and of dogs which had been fed potassium iodide o 
iodoform. We also found a parallelism between the iodine conten 
and the physiological activity of a large number of normal and 
pathological human thyroids. These results will be published ir 
detail in another connection, but the following summaries of a few 
experiments with human thyroids may be quoted to show how close — 
is the parallelism between iodine content and physiological activity: 


SERIES I—HUMAN THYROID. 


Fatal dose of ace- 
Gm. th tonitrile in mgm 
ard Pats Percentage | Mgm. I in per gm. 


No. of specimen. of iodine. | thyroid fed. 


daily. 
Recovered. | Died. 
BBO Tha = 6 doce Seid Cet Loe eb oe eee 0. 001 0. 05 0. CQ05 2. 3a: FA See 
Danette: fe.) ae ee fp ee = a eee eee 001 <20 0023 0.7 
PIN tse est Rc. EE Be ey rs CoS 001 . 26 0026 .95 
COMUPOIS fr ot ok oe ero SEE EE: eee eee |-= ovr sarees Sat saa a Ri ks} 


SERIES II—HUMAN THYROID. 


2 Ae ree Sea Scr.) SIR meio ae 001 26 - 0026 6 
73 (ce ee CTEM SE Alere B Oe Cn SSE t NS ee oc 001 45 . 0045 9 | 1. 0 


SSI) (eh ane es ee es eR ee Ee See eee 0. 001 0. 05 0. 0005 0. 27 . 28 
en ey ed oe Oe ae OS na ege aoe nee . O01 os} . 0023 2.0 |..ceaee 

7. SEES, SIE, Reet, A sagt er a ei oe ee aS . 001 . 45 . 0045 3.6: -|. cee 
RUOTIETGIS wc = ois im owned ae eyetlerw die winsome cotinSesdheredl becresapeie Sera sie nee ee ee | Fed! 


b. EXPERIMENTS ON Rats. 


The feeding of thyroid to rats lowers their resistance to acetoni- 
trile; the result is thus just the opposite to that which occurs in the 
case of mice. This was, however, the result we had expected in al 
classes of animals. For it seemed probable, if acetonitrile is poison 
ous only as a result of the liberation of hydrocyanic acid from it 1 
the body, that whatever stimulates metabolism would also hasten th 
decomposition of the nitrile, with a corresponding greater productiol 
of hydrocyanic acid. We do not know whether this is the corree 
explanation of the effect of thyroid feeding in the case of the rat 
not. Some light upon this question could probably be obtained b 
a study of the excretion in the urine of sulphocyanates. In on 
experiment of this character no difference was found between th 
amounts of sulphocyanic acid in the urine of normal and thyroid fet 
rats atter the administration of acetonitrile. a‘ 


“It may be cuca in this connection that ‘peeative rosuilas were obtained 
similar experiments upon dogs. 


cetonitrile. 


Weight 
of rat. 
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In the present work we were chiefly interested in determining if 
here is a relation between the percentage of iodine in different 
hyroid preparations and their effect upon the resistance of rats to 
The following experiments show that there is such a 
elation and that the degree of activity is in general parallel with 
he iodine content: 


SeriéEs I. 


A. THYRADEN; 0.085 PER CENT IODINE. 


Remarks. 


Feeding of cakes each containing 0.001 gm. thyraden commenced. 


Acetonitrile, 30 mgms., i. e., 1 mgm. per gm. rat. Survived. 


Thyraden as above. 

Acetonitrile, 86.8 mgms., i. e., 1.4 mgms. per gm. rat. Survived. 
Thyraden as above. 

Acetonitrile, 76.5 mgms., i. e., 1.7 mgms. per gm. rat. Died 5 hours. 
Thyraden as above. 


Acetonitrile, 57.6 mgms., i. e., 1.8 mgms. per gm. rat. Survived. 


B. SHEEP THYROID; 0.11 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 


Acetonitrile, 25.2 mgms., i. e., 0.9 mgm. per gm. rat. Survived. 
Thyroid as above. 
Acetonitrile, 54 mgms., ..e., 1 mgm. per gm. rat. Survived. 


Thyroid as above. 


Acetonitrile, 31.9 mgms., i. e., 1.1 mgms. per gm. rat. Died 3} hours. 


Thyroid as above. 


Acetonitrile, 70.2 mgms., i. e., 1.8 mgms. per gm. rat. Died about 3 hours. 


C. SHEEP THYROID; 0.21 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 


Acetonitrile, 1.68 mgms., i. e., 0.04 mgm. per gm. rat. Survived. 


Thyroid as above. 
Survived. 


Acetonitrile, 15.40 mgms., i. e., 0.55 mgm. per gm. rat. 


Thyroid as above. 


Acetonitrile, 27.3 mgms., i. e., 0.7 mgm. per gm. rat. Died 14-2 hours. 


Thyroid as above. 


Acetonitrile, 54 mgms., i. e., 1 mgm. per gm. rat. Died 1} hours. 


; 74 pide 
7 can s 
D. SHEEP THYROID; 0.11 PER CENT IODINE. 7 
4 sd 
X Date tibiae Remarks. g 
1908. 
4 99 SE Feeding of cakes each containing 0.0005 gm. thyroid commenced. 
BLA ee 
Gi ease 30 | Acetonitrile, 45 mgms., i. e., 1.5 mgms. per gm. rat. Survived. 
je eee 29 | Thyroid as above. = 
op ee 30 
Bee Soe 30 
( (ek es TES A a tet Acetonitrile, 48 mgms., i. e., 1.6 mgms. per gm. rat. Survived. 
BG Blo. ee. 46 | Thyroid as above. 
“(005 i a ee ri 
Re aera 5 
ee ee ee ee Acetonitrile, 81 mgms., i. e., 1.8 mgms. per gm. rat. Died 4? hours. 
peme 27 2 6.2... 58 | Thyroid as above. i 
-f.0 1 el ea es 57 
Res bee 55 | Acetonitrile, 104.5 mgms., i. e., 1.9 mgms. per gm. rat. Died 1} hours. ‘" 
E. CONTROLS. ~ 
1908. , 
4 me a a ae ee Feeding of cakes without thyroid commenced. 
Velo eens 3 
Sates Saegeme 34 | Acetonitrile, 102 mgms., i. e., 3 mgms. per gm. rat. Survived. 
ime 27 ..5-.... 30 | Feeding of cakes as above. 
ASt Lh i a ee 31 
sae eee 30 
De ep | ie, Se Acetonitrile, 99 mgms., i. e., 3.3 mgms. per gm. rat. Survived. 
SAM 2. ess 31 | Cakes as above. 
~ ib gi |g = 
7 Bam #1. 6 Vek. Acetonitrile, 104.4, mgms., i. e., 3.6 mgms. per gm. rat. Survived. 
DING 27 ose 52 | Cakes as above. 
2 Th ak eee ee re 
ee eo 4 
2 ode Eee oe et ee Acetonitrile, 196 mgms., i. e., 4 mgms. per gm. rat. Died 4 hours. 


Summary.—The above results may be tabulated as follows: 


ene 
nitrile I 
Gm. thy- | Percentage} Mgm. I in 

roid in | ofiodine | thyroid in| ?°* ®™ 
each cake. | in thyroid. | each cake. 


Recovered. | 
BS ie 2 DF PAT Solos co Soh oe c/s pes oe ee See 0. 001 0. 085 0. 00085 I 
es fo rs th So rl eee op, Js cen er cee ae 001 ma ln -OO11 Le 
NS ie oe ak aaa ee ek, i ee oe ae cee 001 aps k . 0021 ‘ 
Beh i Elie <a gsi Ue ete A ral Uo eee en 0005 a ili . 00055 Ie 
me. Controle >. esse ee oo eee 5 a ated wok eo ee 3 
ny, 
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These results show that the thyroids with the higher percentages 
f iodine were more active in diminishing the resistance of rats to 
cetonitrile than was that with the lowest percentage. One-half 
f a milligram of thyroid containing 0.11 per cent iodine was nearly 
s active as a milligram of thyroid with 0.085 per cent iodine. 


4 Series II. 


Various amounts of the thyroid of several different animals with 
different percentages of iodine were fed in this series. The total 
amount of iodine fed did not vary greatly and the physiological 
affects were not very different. 


A. DOG THYROID; 0.104 PER CENT IODINE. 


Date bi oe Remarks. 
1907. ; 
ie i Feeding of cakes each containing 0. 0035 gm. thyroid commenced. 
Sa 1 
ae 120 
a 119 
ee 118 | Acetonitrile, 94.4 mgms., i. e., 0.8 mgm. per gm. rat. Survived. 
- AOeeeeS 107 | Thyroid as above. 
Cee 104 
Me eso wins 100 
ae 98 
RFs aaa s 98 | Acetonitrile, 98 mgms., i. e., 1mgm. per gm. rat. Died 3 hours. 
SS re 73 | Thyroid as above. 
. ee 70 
ERE. 2. < 68 
a 64 
SB tac a5 ~ = 63 | Acetonitrile, 81.9 mgms.,i. e., 1.8 mgms. per gm. rat. Died about3 hours. 
Maly 6......... 79 | Thyroid as above. 
Oe 77 
ea 74 
68 
LL a ee 70 | Acetonitrile, 126 mgms., i. e., 1.8 mgms. per gm. rat. Died 3} hours. 


B. SHEEP THYROID; 0.176 PER CENT IODINE. 


122 | Feeding of cakes cach containing 0.002 gm. thyroid commenced. 


105 | Acetonitrile, 94.5 mgms., i. e., 0.9 mgm. per gm. rat. Survived. 


106 | Thyroid as above. 


102 | Acetonitrile, 102 mgms., i. e., 1 mgm. per gm. rat. Survived. 


73 | Thyroid as above. 


64 | Acetonitrile, 76.8 mgms., 1. e., 1.2 mgms. per gm. rat. Died 2$ hours. 


76 | Thyroid as above. 


68 | Acetonitrile, 102 mgms., i. e., 1.5 mgms. per gm. rat. Died 4 hours. 


i ” re — 
tO” ~ 2 i ‘ 
_ hat =, — ie: 
C. HOG THYROID; 0.33 PER CENT IODINE. 
Weight ad 
Date Aye Remarks. 
1907. | eee. 
1 al 142 | Feeding of cakes each containing 0.001 gm. thyroid commenced. — 
ea ee 144 an 
i heels 113 ear 
Lee oar 106 : Peer 
ly eee 103 | Acetonitrile, 61.8 mgms., i. e., 0.6 mgm. per gm. rat. Survived. 
=> bs Lat? hey 
Bay) O22. 2.3 > 88 | Thyroid as above. : 
ees See 84 
ee ee 2 sl , 
Bie nT Se 50h 79 A 4 ag gee 
| (a 80 | Acetonitrile, 64 mgms., i. e., 0.8 mgm. per gm. rat. Died 3 hours, y 
omy, O...5.-.~3 = 85 | Thyroid as above. : 
See 82 
it ee eee 79 
IG aes 78 ; 
Ee eaaoeee 77 : ‘ 
ily is oe 78 | Acetonitrile, 85.8 mgms., i. e., 1.1 mgms. per gm. rat. Died 3 hours. : 
PUNY Ge veces 88 | Thyroid as above. 
eae 87 
EE a 85 4 
LS aes 83 “2 
|| a ee 84 | Acetonitrile, 109.2 mgms., i. e., 1.3 mgms. per gm. rat. Died about 8 hour 
D. CONTROLS. 
Nl ss 
ch? Ree 68 | Feeding of cakes without thyroid commenced. 
eT 70 : 
3d U2 ea ee 70 
Ua Gane ees 67 
TG ae 67 | Acetonitrile, 174 mgms., i. e.. 2.6 mgms. per gm. rat. Survived. 
ily: Gs 5-2<2532 103 | Cakes as above 
Be 100 
1 bi AS ort 100 
i Ly eee emer 97 
Gee Ss oes 96 | Acetonitrile, 268.8 mgms., i. e., 2.8 mgms. per gm. rat. Survived. 
OillyesG---...-<: - 109 | Cakes as above. 
Oe cae 112 
J ebeeaaplce te 98 
Is ee es ae 85 \ 
i (Seen a ee 85 | Acetonitrile, 246.5 mgms., i. e., 2.9 mgms. per gm. rat. Survived. 
ditiys G2... 2.252 88 | Cakes as above. 
-: See 87 
Me Re So ee 86 
iV 2S et 4 pee 85 | Acetonitrile, 255 mgms., i. e., 3 mgms. per gm. rat. Died 5 hours. 
eC ot 107 | Cakes as above. 
nrg eee 91 
iL Ta oS ae 92 
OE een ae 92 
IGP ace Se 90 
ioe owe aa 90 
1b a 85 | Acetonitrile, 275.9 mgms., i. e., 3. 1 mgms. per gm. rat. Survived. 
SUMMARY. ; 
ee 
e in mgt 
Gm. thy- | Percentage Mgm.Tin |) per gm. a. 
roid in ofiodine | thyroid of 19 
each cake. | in thyroid. | each cake. : d 
Recovered.| Die 
Rees cat namie Taishan a) ee 0. 0035 0.104 = 0.0085 
Oe ie is ae eg cannon «oe Wye ait ees | 002 176 | 0035 
RR ao 0 Tyne 5 tea feokls scp yb Dah te oct, he oe O01 . 33 | . 0083 
ME ROOMS 2 20s atlas sly dale x |oceuncassed el duns 20 cmap eee 
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These results show that in order to cause approximately equal 
jhysiological effects (as measured by the diminished resistance of the 
rats to acetonitrile) it was necessary to feed larger amounts of the 
iodine poor than of the iodine rich thyroid. 


Series III. 


In this series the physiological activity of dog thyroid, the iodine 
‘content of which had been increased by the administration of iodo- 
, was determined. As the results of these experiments are given 
Baetail ; in Part IL (p. 103-5) of this bulletin, only a summary will 
% given here. 


wre: 
0 ’ 


Fatal gg of aceto- 
: nitrile in mgms. 
“Told inn | Percentage| tpS7eiq of | Per sm- 
each cake. | °f iodine. | gach cake. 
Recovered.| Died. 
ene 0. 0005 0.111 | 0.00055 1.8 2.1 
in ae eo 0005 . 3800 00150 i IS Na 
a ae RE, Se Cr 0015 Piha 00166 ihe. 3 
eed ee ee ce 003 wild 00333 9 1.0 
ee ES eae ee ee | 001 300 00300 5 6 
. Controls. = Ab cel OO Oe ee eee ete tee at aera 2.9 3. 0 


GENERAL CONCLUSIONS. 


The above series of experiments show that there is a close parallel- 
ism between the iodine content of the thyroid and its physiological 
activity as measured by its effect in diminishing the resistance of 
tats to acetonitrile. 


2. EXPERIMENTS WITH MORPHINE. 


It has been shown above that the feeding of thyroid causes an altera- 
= in the resistance of animals to acetonitrile. The effect differs 
n different species; there is an increased resistance in the case of 
mice and diminished resistance in rats. In both cases, however, the 
activity of the thyroid is parallel with its iodine content. 
Experiments will now be described in which the effect of feeding 
thyroid upon the resistance of animals to another poison, morphine, 
‘was determined. Experiments were made upon mice, rats, and 
guinea pigs. The resistance of all of these animals to morphine was 
lowered by the feeding of thyroid and there was a general parallelism 
between the activity of the different thyroid preparations in this 
respect and their iodine content. 

In performing experiments with morphine it is necessary to observe 
the precautions noted in the experiments with acetonitrile. Different 


@ Similar results were obtained in a few experiments with acetyl-morphine (‘ theroia? . 
and with codeine. 
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lots of animals react very differently to morphine; thus in our experi- 
ments the fatal dose (by subcutaneous injection) for normal animals 
has ranged from 0.2 to 0.42 mgm. per gram weight for rats,¢ from 
0.16 to 0.45 mgm. for mice,’ and from 0.6 to 0.75 mgm. for guinea 
pigs.° We were able to find definite relations between the resist- 
ance of mice to morphine and the diet which they had received; 
whether in addition to this effect of diet the age of the animals, their 
weight or the season, temperature, etc., has an influence we have 
not» been able to definitely determine. Animals which have been 
kept under uniform conditions react very. uniformly to the poison, 
and it is possible to determine the fatal dose with great accuracy. 

These experiments afford another illustration of the folly of deter- 
mining the ‘‘fatal dose” of a poison at the beginning of a long series 
of experiments, or, as is often done, accepting such a figure as deter- 
mined by some other investigator and using it as a ‘‘control” in a 
new series of experiments. 


a. EXPERIMENTS ON WuitrE Rats. 


SERIES I. 


A. SHEEP THYROID; 0.176 PER CENT IODINE. 


: Weight 
Date. eT Remarks. 
1907 
May 30... --.--. 87 Feeding of cakes each containing 0.005 gm. thyroid begun. 
HIGHS 2 -)' ==: =| 81 
(SR ees 77 
Sioa pee 75 Morphine sulphate, 2.25 mgms., i. e., 0.03 mgm. per gm. rat. Survived. 
| ae 88 Thyroid as above. 
yume 3... -....2 84 
peas | 79 
ae oe 77 Morphine sulphate, 5.85 mgms., i. e., 0.05 mgm. per gm. rat. Survived. 
May. 30. <...% 107 Thyroid as above. 
SITs ee 98 : 
(iOS ROE aEN 94 
i 92 Morphine sulphate, 6.44 mgms., i. e., 0.07 mgm. per gm. rat. Survived. 


aT. Sollmann (Textbook of Pharmacology, 2d ed., 1906, p. 954) places the fatal dose of morphine for 
rats at 0.45 mgm. per gram body weight. 

bJ. Morgenroth (Berl. klin. Wehnschr., 1903, 40, p. 471) found the fatal dose of morphine hydro- 
chloride for mice in Frankfort on the Main, to be about 0.93 mgm. per gram. 

¢T. Sollmann (1. c.) places the fatal dose of morphine for guinea pigs at 0.7 mgm. per gram. 
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B. HOG THYROID; 0.338 PER CENT IODINE. 


Remarks. 


Feeding of cakes each containing 0.005 gm. thyroid begun. 

Morphine sulphate, 1.68 mgms., i. e., 0.025 mgm. per gm. rat. Survived. 
Thyroid as above. 

Morphine sulphate, 2.72 mgms., i. e., 0.04 mgm. per gm. rat. Died in3 hours. 


Thyroid as above. 


Morphine sulphate, 4.5 mgms., i. e., 0.05 mgm. per gm. rat. Died 1% hours. 


C: CONTROLS. 


1907. ; 
So. 2... 93 Feeding of plain cakes begun. 
ee 91 
(See 91 é 
Sie = ">< = = 91 Morphine sulphate, 27.3 mgms., i. e., 0.8 mgm. per gm. rat. Survived. 
2 79 Cakes as above. 
ee 75 
7 73 
a 74 Morphine sulphate, 25.9 mgms., i. e., 0.35 mgm. per gm. rat. Survived. 
92 Cakes as above. 
oo 3 83 
82 
os 80 Morphine sulphate, 32.0 mgms., i. e., 0.4 mgm. per gm. rat. Survived. 
> ae 46 Cakes as above. 
| ee 45 
ees... 45 
i ==. 43 Morphine sulphate, 18.06 mgms., i. e., 0.42 mgm. per gm. rat. Died 2 hours. 


“Summary.—The results of these experiments may be summarized 
s follows: 


Average | Fatal dose of mor- 


hine i : 
Gm. thy- | Percentage | Mgm. I in ete aes Hh NES BEE 
roid ineach| of iodine | thyroid of per a of 
cake. in thyroid. | each cake. original 

weight. | Recovered.| Died. 
ee 0. 005 0. 176 0. 0088 13.4 G0 ee 

Se . 005 . 33 . 0165 12.1 . 025 0. 04 

Log seoctcgttec con See eee ae (Aires ees ey (ele ne eee a rem 40 - 2 


Unfortunately the fatal dose of morphine for rats which had 
eceived sheep thyroid, A, was not determined; it was probably 
Vice as great as that for those which had received hog thyroids, B. 
the sheep thyroid contained about one-half as much iodine as the 
og thyroid. Rats receiving the hog thyroid died from one-tenth 
1e amount of morphine necessary to kill the controls. The rats of 


4 


all three series lost weight; the controls lost 7.1 per cent. Evident 
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the exclusive diet of crackers is not suitable for rats. 


animals to morphine. 


Series II. 


A. THYRADEN; 0.085 PER CENT IODINE. 


; Remarks. 


Feeding of cakes each containing 0.001 gm. thyraden begun. 
| Morphine sulphate, 4.95 mgms., i. e., 0.09 mgm. per gm. rat. 


Thyraden as above. 


Morphine sulphate, 5.88 mgms., i. e., 0.12 mgm. per gm. rat. 


Thyraden as above. 


Morphine sulphate, 7.20 mgms., i. e., 0.15 mgm. per gm. rat. 


| Thyraden as above. 
_ Morphine sulphate, 12.0 mgms., i. e., 0.16 mgm. per gm. rat. 


. SHEEP THYROID; 0.12 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid begun. 


Morphine’sulphate, 4.32 mgms., i. e., 0.08 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 7.26 mgms., i. e., 0.11 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 6.89 mgms., i. e., 0.13 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 8.85 mgms., i. e., 0.15 mgm. per gm. rat. 


; Weight 
Date of rat 
1908. 

SUT ae oo ee 57 
ate ee 56 
ae eee 55 

ole Ge eee ee 54 
1S ee 51 
PAs Seeman: 49 

Ay Aes: aoe 52 
LoS Seat ee Pe 48 
2 fae ees 48 

| 

5 lr gel a ge 80 | 
Lk 78 | 
es Sa 75 | 
1S Re ee FES eee pear 

B 
1908. 

5 J hy Oo oe 60 
1S eee ee 55 
7 ae oe 54 

July 14.05... .- 66 
AS eye 65 
fay RE ere 66 

“10 get Rg 54 
UNE po 51 
ap ee hot 53 
7A eee ate eA Bee 

haat Se eee 60 
Le se see 58 
i) ae eae ee 59 
72 ress an ee 5 gS 

c 
1908. 

<1 OE Sass 45 
FE Oe 41 | 
foes Fe oes 40 | 

Lt gi 42 
iO ae Pe ee 40 
Buvanicwenx ee 38 
LM Ad, Se Ae ae oe 

id Ee 44 
eee 45 
2:0 SAIS SPOS 43 


>». SHEEP THYROID; 0.19 PER CENT IODINE. 


Feeding of cakes each containing 0.001 gm. thyroid begun. 


Morphine sulphate, 1.60 mgms., i. e., 0.04 mgm. per gm. rat. 
_ Thyroid as above. 


Morphine sulphate, 1.90 mgms., i. e., 0.05 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 2.58 mgmg., i. e., 0.06 mgm. per gm. rat. 


The loss « 
weight caused by the thyroid was slight if that which would hay 
probably been caused by the crackers alone is deducted, and prol 
ably had nothing to do with the increased susceptibility of tl 


Survived. 


Survived. 


Died in 5 hour 


Survived. 


Survived. 


Survived. 


Survived. 


Died in 2 hour 


Survived. 


Died 4 hours. 


30 

ae 60 
ae 54 
a 53 
| eee 

Gives. .%..... 65 
aaa 61 
ae 62 
a 

40 
as 40 
[ae 38 

E 

1908. 

See... 61 
—_— 59 
ae 59 

87 
ae 83 
ees 81 

a 52 
aa 49 
ae 48 

1 a 75 
ae 71 
74 
. 

44 
F 
ve 4 4 

Cc ee 7 
eis... 46 

eer... 46 

See 48 
ae 50 
aa 47 
SS 

Maly 14......... 50 

a 48 
ae 49 
Me See 

meid........ 47 
eS 5 45 
Sat 43 
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D. SHEEP THYROID; 0.2 PER CENT IODINE, 


Remarks. 


Feeding of cakes each containing 0.001 gm. thyroid begun. 


Morphine sulphate, 1.50 mgms., i. e., 0.05 mgm. per gm. rat. 
Thyroid as above. 

Morphine sulphate, 3.18 mgms., i. e., 0.06 mgm. per gm. rat. 

Thyroid as above. 

Morphine sulphate, 4.34 mgms., i. e., 0.07 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 3.04 mgms., i. e., 0.08 mgm. per gm. rat. 


Survived. 


Died 5 hours. 


Died 2 hours. 


Died 53 hours. 


. SHEEP THYROID; 0.19 PER CENT IODINE. 


Feeding of cakes each containing 0.0005 gm. thyroid begun. 
Morphine sulphate, 5.31 mgms., i. e., 0.09 mgm. per gm. rat. 


Thyroid as above. 
Morphine sulphate, 8.91 mgms., i. e., 0.11 mgm. per gm. rat. 


Thyroid as above. 
Morphine sulphate, 5.76 mgms., i. e., 0.12 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 9.62 mgms., i. e., 0.13 mgm. per gm. rat. 


. SHEEP THYROID; 0.2 PER CENT IODINE. 


Feeding of cakes each containing 0.0005 gm. thyroid begun. 
Morphine sulphate, 3.68 mgms., i. e., 0.08 mgm. per gm. rat. 


Thyroid as above. 
Morphine sulphate, 4.23 mgms., i. e., 0.09 mgm. per gm. rat. 
Thyroid as above. 
Morphine sulphate, 5.29 mgms., i. e., 0.11 mgm. per gm. rat. 


Thyroid as above. 


Morphine sulphate, 5.16 mgms., i. e., 0.12 mgm. per gm. rat. 


Survived. 


Survived. 


Died 14 hours. 


Died 14 hours. 


Survived. 


Survived. 


Died 34 hours. 


Died 12 hours. 


All of the controls-(i. e., rats which had received no thyroid) died, 
o that we are unable to state the fatal dose. The smallest dose which 
killed was 0.2 mgm. per gram. 
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Summary.—The results of these experiments may be summarize 
as follows: at 


Loss of | Fatal dose of nor 
Gm. thy-.| Percent- | Mgm.ITin| weight phine in mgn 


Bs 


roid in age of thyroid in per- per gm. 
each iodine in in each cent of 
cake. thyroid. cake. original 


weight. | Recovered.| Died. 


AC 22 page a RIS RE Pe Sy Os St 0. OOL 0. 085 0. 00085 6.6 0. 16 

(ON eo i OE See Reese ee 001 =p by 0012 Se wae 
eee Mo. oe en ae ee eee 001 .19 0019 7.6 . 04 

Poke se a 5 A ay So ae OOL 2 0020 7.6 - 05 

ee eS og oe Se ee ere . 0005 19 . 00095 4.7 pal 

i Ep RPS PMR or EAR Seg oe . 0005 oe . OOL 3.6 . 09 

GS controls... 2k os soodheie ose win Sel corso ere ee Se eee ee eae en 10 “eee 


The fatal dose of morphine sulphate for the rats which had received 
the thyroid with the higher percentages of iodine (0.19 to 0.2) was 
less than one-half as great as that for those which had received the 
thyroid with the lower percentages of iodine (0.085 and 0.12). The 
fatal doses were about the same when but one-half as much of the 
iodine rich thyroid as of the iodine poor thyroid was fed. There 
were but slight losses of weight. 


Series III. 


In this series (which was not very complete) the effects of feeding 
dog thyroid, the iodine content of which had been increased by the 
administration of iodoform to the dogs, were determined. Since the 
experiments will be given in detail in Part II (p. 107-9) of this bu 
letin only the summary is given here. 


Loss of Fatal dose of moa 


Gm. thy- | Percent- | Mgm.Iin| weight phine in mgm 
roid in age of thyroid in per- per gm. 
each iodine in in each cent of 
cake. thyroid. cake. original 


weight. | Recovered.| Died. 


Bee 5 Fake oe Oc ee ee 0. 0005 0. 111 0. 00055 7.0 0.25 |iveme 
1 a is ae ger en A EN ot cap See 0005 3 . 0015 7.6 . 20 

Se st Wee see ee eee 0015 pil it . 00166 24 Git: copes 

Pee oe So rl eel ee aie EE 003 111 . 00333 0 16 

Mec ca nd och a eae eh op Sees oe 001 106 . 00106 5.5 2) “ae 
Bes ee Ao Fe ty ete ye 001 3 . 00300 14,0 lk ae per 
DCO TLOMBGS cco comet orate ee Oe 1 cg ow cs la hescks otc o Sasi nes ane ee ee 9.1 .39 


These experiments show that with equal amounts of thyroi 
containing different percentages of iodine those with the highe 
percentages of iodine caused the greater lowering of resistance 
morphine; also that in order to obtain equal physiological effects ‘ 
was necessary to feed much more of the iodine poor than of tk 
iodine rich thyroid.” Loss of weight can not explain the increase 
susceptibility of the rats to morphine, for with but one exceptio 
there was no loss of weight greater than that which could be ascribe 
to the exclusive cracker diet. 
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Series LY. 


The following experiments may be quoted for the purpose of 
istrating how markedly the resistance of rats to morphine may be 
duced by the feeding of thyroid rather than because they bring out 
e effects of different iodine percentages. The amounts of thyroid 
d were selected so as to make the total amount of iodine approxi- 
ately equal in all cases. Unfortunately the experiments were not 
ifficiently numerous for us to determine the minimum lethal doses 


all cases. 
A. DOG THYROIDS; 0.111 PER CENT IODINE. 


Weight | bas 
Date. of rat. Remarks. 
1907. 
) 189 | Feeding of cakes each containing 0.003 gm. thyroid begun. 
ae 181 
7 181 
ies. .------ 182 | Morphine sulphate, 7.28 mgms., i. e., 0.04 mgm. per gm. rat. Died 13 hours. 
a 192 | Thyroid as above. 
ae 186 
es. =>---- 183 
Mees. .---.. 176 | Morphine sulphate, 9.68 mgms., i. e., 0.055 mgm. per gm. rat. Died 4 hours. 
eo... .--- 152 | Thyroid as above. 
ee 142. 
Milas. --.----.. 138 
>. | 138 | Morphine sulphate, 9.66 mgms., i. e., 0.07 mgm. per gm. rat. Died 9 hours. 
B. THYROID OF GUINEA PIG; 0.05 PER CENT IODINE. 
1907. 
ne = Beas <jai2 = a Feeding of cakes each containing 0.007 gm. thyroid begun. 
Mpegs. .-:.-- 11 
118 
° Spee 118 | Morphine sulphate, 10.62 mgms., i. e., 0.09 mgm. per gm. rat. Survived. 
mie 25........ 156 | Thyroid as above. 
a 155 
l ly ) Se 155 
"ee 156 | Morphine sulphate, 15.63 mgms., i. e., 0.1 mgm. per gm.rat. Died 33 hours. 
BMC. =. ---- 106 | Thyroid as above. 
eee... ..... 101 
3 100 
Miss --.-.... 101 | Morphine sulphate, 12.12 mgms., i. e., 0.12 mgm. per gm. rat. Died 44 hours. 
C. HOG THYROID; 0.33 PER CENT IODINE. 
1907. 
une a - eee 141 | Feeding of cakes each containing 0.001 gm. thyroid begun. 
Bass. 134 
a 133 
Lo eee 133 | Morphine sulphate, 3.99 mgms., i. e., 0.03 mgm. per gm. rat. Died 2} hours. 


138 | Thyroid as above. 


132 | Morphine sulphate, 5.28 mgms., i. e., 0.04 mgm. per gm.rat. Died 2} hours, 


155 | Thyroid as above. 


145 | Morphine sulphate, 8.7 mgms., i. e., 0.06 mgm. per gm, rat. Died 2 hours. 
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D. SHEEP THYROID; 0.176 PER CENT IODINE. - 
fa as — 
Weight : 

Date. atrak Remarks. 

1907. rc , 
a ba re 114 | Feeding of cakes each containing 0.002 gm. thyroid begun. 

BS 2 etnies 110 
NEE fai ye 111 ; t 

Boseacctnws 108 | Morphine sulphate, 3.24 mgms., i. e., 0.03 mgm. per gm. rat. Died 20 hour 

> : 

PUNO 2h. oc eo ac 158 | Thyroid as above. 4 

Sep eaaT 150 1 
 . —— 150 : a 

SP eet 150 | Morphine sulphate, 6.75 mgms., i. e., 0.045 mgm. per gm. rat. Died 2 hour: 
Wore 25.2 3.2% 127 | Thyroid as above. 

4! okt ae 120 a 
20 ga ee 121 ; ‘ 

Boe ese 120 | Morphine sulphate, 7.2 mgms., i. e., 0.06 mgm. per gm. rat. Died 54 hours 

E. CONTROLS. 

1907. 
Ime woes. se 121 | Feeding of plain cakes begun. 

1! I ee ears 109 
yO ss. 5s 109 4 

Be east 111 | Morphine sulphate, 27.75 mgms., i. e., 0.25 mgm. per gm. rat. Survived. 
PUME'ZH's sci hons 100 | Cakes as above. 

DO Sieiasiee 97 
UILY Oe Soe oon 96 

: Be ae eS 96 | Morphine sulphate, 28.8 mgms., i. e., 0.30 mgm. per gm. rat. Survived. 
SUNO2D. 2-35. 119 | Cakes as above. 4 

29 as See 120 4 
UT ae eS 119 ; , 

eae es 119 | Morphine sulphate, 36.89 mgms., i. e., 0.31 mgm. per gm. rat. Died 54 hour 
PMMA 2) 325 -newe 73 | Cakes as above. 

PAO Rae tes sce 71 
BMELY. BS Scre-ouic S= 2 72 

piety eray oe 70 | Morphine sulphate,-22.4 mgms., i. e., 0.82 mgm. per gm. rat. Died 8 ho 
PHN) 20 aiciere nas 81 | Cakes as above. 

a 78 
MIN, Sac, cose: 74 


| eS eH 79 | Morphine sulphate, 27.65 mgms., i. e., 0.85 mgm. per gm. rat. Died 24 hou 


Summary.—The results of the above experiments are shown 
the following table: ; 


Loss of Fatal dose of nN 
Gm. thy- | Percent- | Mgm.1in | weight phine in m, 
roid in age of thyroid in per per gm. 
each iodine in in each cent of 
cake. thyroid. cake. original 
weight. | Recovered.) Die 


Ng in, Ae ee Sos wis See ee en 0. 003 0. 111 0. 0033 400.* Scho eteceeee 
SR ee ee ene . 007 -05 - 0035 .8 0.09 
LL 2S A Ae gel et a tor’ Sete Ne tty. - 001 A} . 0033 5.8 Soot Ot eee 
Beer ee oe oe be ie . 002 .176 . 00352 5.9) a Ss ee 
We CONETOINB. 5g | oc ba ou wae baiwinin eb ae che ercas See ere | ne See ee | 4.0 
Lae 
mt 
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Although the amounts of thyroid fed varied widely (from 0.001 
n. to 0.007 gm.), there was approximately the same amount of 
dine in all cases and, with one exception, the lowering of the resist- 
ice seemed to be about equal. In all cases except one fully ten 
mes as much morphine was required to kill the controls as to kill 
iose which had received thyroid. The thyroid caused practically no 
oss of weight; the very slight loss which occurred can be attributed 


io the cracker diet. 


SUMMARY OF EXPERIMENTS ON RATS. 


_ The above experiments show very clearly that the resistance of 
rats to morphine is lowered by the feeding of thyroid. In two 
series the fatal dose for the thyroid-fed rats was but one-tenth that 
r the controls. They also show that the activity of different 
thyroid preparations in this respect is closely parallel to their iodine 
sontent. It would doubtlessly be possible to determine with a fair 
legree of accuracy the percentage of iodine in a thyroid préparation 
yy comparing its physiological activity with that of another prepara- 
jon containing a known percentage of iodine. The increased 
usceptibility to morphine is entirely independent of any loss of 
weight; it can evidently not be attributed to a ‘‘general lowering of 
esistance’’ such as may be supposed to occur when there is a loss of 
veight from starvation.” 


b.—EXPERIMENTS ON MICE. 


The results of the experiments on mice were somewhat irregular. 


There was invariably, however, an increased susceptibility to mor- 
yhine as a result of the feeding of thyroid. As a rule the thyroid 
ontaining the larger percentage of iodine had the greater effect 
yut there were many exceptions which we are unable to explain. 
t would probably be impossible to detect small variations in the 
ercentage of iodine in different thyroid preparations from their 
fleets upon the resistance of mice to morphine. 

_As these experiments do not offer many points of special interest 
hey will be reproduced in abstract only. The average loss of 


ight, expressed in percentage of original weight, is given in the 


Starvation markedly increases the resistance of animals to some poisons; this is 
he case, for example, with acetonitrile. (See R. Hunt, Studies in Experimental 
Ieoholism, Bull. 33, Hygienic Laboratory, 1907, p. 34.) 
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SERIES I.—SHEEP THYROID. 


| Fatal dose of morphine 
Gm. thy- | Percentage | Mgm. I in in mgm. per gm. 
roid fed ofiodine |thyroidfed| > 
daily. in thyroid. daily. 
Recovered., Died. 


FR ee Fe ER RUNS SNe et 0. 001 0. 085 0. 00085 0.17 0. 25 
ae ge ecg ne, eke Pee te Sate ee: . 001 a bi - 0011 .09 Ad 
Ne as ie, MPa eh BY 001 ll . 0011 12 16 
1 hh ep cee ee Ie 001 19 . 0019 12 14 

Oy res, 001 i ta ee O01 21 . 0021 13 16 
W sControis -: 2c oc eee oon Onc cee new eee eee eee 19 20 


The resistance of mice to morphine was uniformly diminished b 
the thyroid. The thyroid having the least effect was the prepar: 
tion containing the smallest percentage of iodine; the effects of th 
other preparations were nearly equal, although some containe 
nearly twice as much iodine as others. There was no constar 
relation between the loss of weight and the diminished resistance t 


morphine. 
SERIES II. 


| 
| Fatal dose in mgm. 
Gm. thy- , Percentage | Mgm. I in per gm. Loss if 
roid fed | ofiodine | thyroid weight, 
daily. in thyroid. | fed daily. 
| Recovered. Died. 


ES... ice a 0. 005 0.085 | 0.00425 0.17 0.18 |. 


BUONG kn cay Spy ae 005 ee 0055 ‘08 1 
RODE AM 005 19 0095 09 10 
ea Red eg Asso" 005 | 21 0105 07 09 
pec 8) ON ore eee 01 | 5 ‘OL 10 12 
Tie, CORE RRA airiptiins 3 ALE ‘Ol nT wivel 13 14 
er ono, ce oh ae ror) u O11 105 12 
Ake Riles ba Ol rn Riel 13 16 
‘eh Ra ER ote 01 19 “019 08 09 
TEL, eat ie. 01 21 021 06 08 
NE ROOMETOIS 5 5 hh Se ere Bn ee ene te eee 17 18 


The thyroid with the largest percentage of iodine was the me 
active when the smaller (0.005 gm.) as well as when the larg 
(0.01 gm.) amounts of thyroid were fed. In some cases the loss 
weight was parallel with the increased susceptibility to morphin 


in other cases it was not. 
SERIES III. 


Fatal dose in mgm. 
Gm. thy- | Percentage Mgm. I in per gm. 
roid fed of iodine thyroid 
daily. in thyroid. | fed daily. 


Recovered. Died. 


ES A ach ee pee 0. 01 0.05 0. 005 0.18 0. 22 
St Cee Mie eee eee Ol 104 . 0104 11 16 
Se a Ais sbote Sante ier daar etn ee Ol 19 -O190. Tie. eee 09 
NR PE i SR pa el te “oe . O01 . 298 . 0298 . 09 ml) 
ALA Re ar ee eat he ON ok 01 .33 . 0330 07 . 09 
Wn. COntrOls fo eign c dos cto wd oe cae co ters | ee nee ee . 43 .45 


a The + sign indicates that the mice had increased in weight. 


o a* . 
“a 


87 


_ With the increased percentage of iodine in the thyroid there was, 
with one exception, a uniform increase in physiological activity, as 
shown by the increased susceptibility to morphine. 

_ The changes in weight were in most cases not marked; in two 
instances there was a slight increase. The most marked change was 
with the mice of group C; the average loss of weight with these was 
18 per cent. Perhaps this indicates that the mice of this series had 
eaten more of the cakes than had the mice of the other series. 

-_ The following series may be quoted as additional illustrations of 
how the susceptibility of mice to morphine may be increased by the 
administration of thyroid: 

SERIES IV. 


| 
Fatal dose in mgm. | 
Gm. thy- | Percentage} Mg. Tin per gm. I , 
roid fed of iodine | thyroid whi phen? 
daily. in thyroid. | fed daily. bth 
| Recovered. Died. 
| 
ee 0.01 | 0.19 0.019 0.10 0.15 | 5.1 
ee ee eS cas cli wnccusaw ca slo wake cumloce- 6) 1h kee eee +6.8 
SERIES V. 

See 0.03 0. 186 0. 0558 0.18 0. 22 14.2 
PREEECH Serer ener 9 ee a ecle ta wanes cn talocecawencsse . 38 - 43 7.9 
SERIES VI.a 

RS AS ee 0.2 0. 186 0. 0372 | 0. 07 0. 08 1.9 
STRATOS 2 oS ce SS SS ns Na gn | | | . 24 . 24 155 
| 


a The + sign indicates that the mice had increased in weight. 
b The experiment was continued but six days instead of ten, as was usually the case. 


SUMMARY OF EXPERIMENTS ON MICE. 


_ The above experiments show that the resistance of mice to mor- 
_ phine was uniformly lowered by the feeding of thyroid. This lower- 
ing of the resistance occurred independently of the changes in weight; 
‘in some cases there was a markedly increased susceptibility to 
morphine with an increase in weight. In general the thyroid con- 
taining the higher percentages of iodine caused the greatest changes 
in resistance, but there were a number of exceptions. 


c.—EXPERIMENTS ON GUINEA PIGs. 


Experiments, were not made in which the effects of thyroid con- 
taining different percentages of iodine upon the resistance of guinea 
pigs to morphine were determined. The following experiments show 
that the resistance of these animals to morphine is diminished by the 
feeding of thyroid. The amount of thyroid was very large; in the 


second series there was a loss of weight, while in the first. th ¢ 
only a retardation of growth: 


A. SHEEP THYROID; 0.084 PER CENT IODINE. 


Weight | 


Ee ae a, ee ‘ 
i 7 y* s to ai, 
88 i Dee 
. oF 2 anh 
“ ch \ 
Coronas 


Serizs [. 


Morphine sulphate, 66.75 mgmas., i. e., 0.25 mgm. per gm. pig. Died 16 homtal ; 


Morphine sulphate, 77.7 mgms., i. e., 0.3 mgm. per gm. pig. Died 84 hours. © 


Morphine sulphate, 83.2 mgms., i. e., 0.4 mgm. per gm. pig. Died 3 hours. 


ERE 
Date of pig. | Remarks. 
1907. Se re 
Myo tsk. S 265 Feeding of thyroid, 0.120 gm. daily, begun. 
7 ae ae 265 
Bs A ae 260 
POC Sees = 260 
Se 275 | Morphine sulphate, 55 mgms., i. e., 0.2 mgm. per gm. pig. Survived. 
1M Sy Rohe 330 | Thyroid as above. 
- eee ace 330 
ae Dae 320 
ss. oe 315 
Line ees ee 267 
(1 a ae 285 | Thyroid as above. 
be ee spe 280 
a 280 
ib ke Rae 280 
1 Waheseak Aaene 259 
May Wee: 2 aS Thyroid as above. 
CTD seep, Fs 2 
Soot Se 215 
Des 215 
ee Ae ee 208 
B. CONTROLS. 
1907. 
Li) ee a oa 
eae eee 5 
ee 360 | 
PS nas sesnt 385 
i eS ge 348 | Morphine sulphate, 174 mgms., 
La ee 200 
eee ee 210 
Le ae 220 
(RS eee 275 
ye BO 250 | Morphine sulphate, 150 mgms., 
EER aes ae 225 
rae 240 
Oe eee 275 
| a eee td 305 


i. e., 0.6 mgm. per gm. pig. Survived. 


i. e., 0.6 mgm. per gm. pig. Died 3 hours. 


Morphine sulphate, 213.5 mgms., i. e., 0.7 mgm. per gm. pig. Died 3? hours. 
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Series II. 


. SHEEP THYROID; 0.084 PER CENT IODINE. 


Remarks. 


Feeding of thyroid, 0.24 gm. daily, begun. 


Morphine sulphate, 48.75 mgms., i. e., 0.25 mgm. Died 10 to 15 hours. 


. ae 244 | Thyroid as above. 
a 235 
ee 255 
mena. ....... 256 | Morphine sulphate, 76.8 mgms., i. e., 0.8 mgm. per gm. pig. Died 21 hours. 
ees oo: < 260 | Thyroid as above. 
eer. 225 
ee a 215 
ol ae 217 | Morphine sulphate, 108.5 mgms., i. e., 0.6 mgm. per gm. pig. Died 4 hours. 
B. CONTROLS. 
1907. 
a 250 
a 270 
ere: 300 
ae 302 | Morphine sulphate, 196.3 mgms., i. e., 0.65 mgm. per gm. pig. Survived. 
| ae 252 
| {eee 280 
Ree on =o 315 
BETS 2 5 335 | Morphine sulphate, 251.25 mgms., i. e., 0.75 mgm. per gm. pig. Died 3} hours. 
a 240 
eee 275 
Le 290 
le 307 | Morphine sulphate, 245.6 mgms., i. e., 0.8 mgm. Died 2 hours. 


Summary. The results of the above experiments may be sum- 
arized as follows: 


: i Fatal epi mgm. per Average 
ercentage ~. . OSS 0 
Git. loding bee ness Ames 4 25 legate 
thyroid in thy- fe a daity. per cent of 
fed daily. roid. Recovered. Died be rar 
ods 0.12 0. 084 0. 1008 0:2 0. 25 7.9 
contac le declishetoteeed hoe) ee nen ae =o . 60 +21. 2 
- oo [de EA eee | .24 . 084 . 2016 ee, Pasefaele eae 25 mi fa | 
obo See abe ert go erent abl apes ca . 65 75 +27.2 


eply intoxicated. 


a The + sign indicates that the guinea-pigs had increased in weight. 


The guinea pigs which had received the thyroid died from one- 
ird to one-half of the dose of morphine fatal to the controls. 
1ount of thyroid fed was very large and the animals were evidently 


The 
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Conclusions from the experiments with morphine. z 


The resistance of rats, mice, and guinea pigs to morphine is u 
formly lowered by the feeding of thyroid. This occurs independen 
of any effect the thyroid may have upon the weight of the anim: 
In the case of the rat there is a close parallelism between the phys 
logical effect of the thyroid, as determined by the increased suscep 
bility to morphine, and the percentage of iodine. A similar parall 
ism was found, in general, in the experiments on mice; the anim 
which had received thyroid with a higher percentage of iodine alm«¢ 
invariably died from a smaller dose of morphine than did those whi 
had received thyroid with a low percentage of iodine. The questi 
of the relation between the iodine content and the physiologic 
activity of the thyroid was not tested on guinea pigs. The resul 
of the experiments with morphine on rats and mice are therefore 
additional argument for the view that the degree of physiologie 
activity of thyroid is parallel to the iodine content. 

We have no explanation to offer for the effect of thyroid feedi 
upon the resistance of animals to morphine further than the sugge 
tion made by one of us in a previous paper: @ 

I have not been able to determine the cause of this increased susceptibili 
possibly the thyroid, which is known to hasten the oxidation of fats, affects the lipo 
of the nervous system in such a manner that poisons, such as morphine, gain acc 
to it more easily. ; 

Mansfeld’ found that rabbits which had been deprived of fe 
for a few days were much more susceptible to morphine than were n 
mal rabbits; he endeavored to explain this in the terms of the Meyé 
Overton theory of narcosis: In starvation there is a diminution of 1 
in the body, except in the central nervous system; as a result of thi 
larger proportion of the fat soluble narcotic is taken up by the nervo 
System, and so is able to exert a greater toxic action. Althou 
thyroid has a tendency to cause a diminution of fat in the body, 
do not believe that this can have played a large part in our expé 
ments; in some of these the thyroid had increased the susceptibili 
of the animals to morphine ten times without causing any change 
weight. 

These experiments may have some bearing upon the use of m 
phine in exophthalmic goiter (hyperthyroidism). There seems te 
unanimity of opinion among clinicians that general anzesthetics 
very dangerous in this condition.© The opinions differ as to the 


aR. Hunt, J. Am. M. Ass., Chicago, 1907, 49, p. 1325. 
b G. Mansfeld, Arch. internat. de pharmacodynamie et de thérapie, 1905, 15, p. 
e¢f. Th. Kocher, Verhandl. d. deutsch. Gesellsch. f. Chir., Berl., 1901, 30te Ke 
p. 346; A. Kocher, Mitt.a.d. Grenzgeb. d. Med. u. Chir., Jena, 1902, 9,p.1. Ang 
(Miinch. m. Wchschr., 1896, 48, p. 71) states that the feeding of thyroid to pati 
with goiter renders them especially liable to heart failure when a general anzsth 
is adininistered. 
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* morphine or opium. Thus Tyson® considers opium to be a 
ational remedy, although he states that Ord and MacKenzie found 
hat it is not well borne; Tyson prefers codeine. Our experiments 
howed that morphine is very toxic to animals in which a condition of 
thyroidism has been produced. Of course it has not been conclu- 
ively proved that there is a condition of hyperthyroidism in ex- 
yphthalmic goiter or that man would react to morphine in the same 
way as do the lower animals. If we may judge of the degree of 
thyroidism from the loss of weight, our animals were as a rule cer- 
tainly less deeply intoxicated than are many patients with exoph- 
thalmic goiter. 

The increased susceptibility to morphine of animals to which thyroid 
has been fed is suggestive in another connection. 
May not many of the very diverse symptoms which occur in ex- 
ophthalmic goiter be secondary, 1. e., may not the condition of hyper- 
thyroidism render many of the organs abnormally sensitive to poisons 
priginating in the body itself (possibly products of intestinal putre- 
rion or introduced from without (substances contained in meat, 
for example)? Organs rendered hypersensitive by the thyroid secre- 
tion may respond to amounts of such poisons ordinarily too small to 
produce any symptoms, just as the thyroid-fed rats may die from 
doses of morphine which would ordinarily be entirely innocuous. 
"As is well known there are few diseases in which so many drugs and 
forms of treatment have been recommended, often aprrenee with 
good reason, as in the case of exophthalmic goiter. Perhaps the 
effect of these is entirely secondary, i. e., some intestinal antiseptics? 
may check the formation of injurious paboemnices. others may diminish 
the irritability of an over-stimulated organ. 


4 


~ 
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aJ. Tyson, Internat. Clin., Phila., 1906, Series 16, 1, p. 3. 
b¢cf.W.H. Thomson, Am. J. Med. Sci., 1908, 135, p. 313. 


Part II. 


IN THE NATURE OF THE RELATION BETWEEN THE IODINE PER- 
CENTAGE AND THE PHYSIOLOGICAL ACTIVITY OF THYROID. 


It has been shown above that there is almost invariably a paral- 
slism between the iodine content of thyroid and its physiological 
activity. The nature of this relation may now be discussed. Some of 
ihe writers who recognize that there is such a parallelism hold that 
the larger amount of iodine in the more active thyroid is a result and 
jot the cause of the greater activity. In other words, according to 
his view, the more active the gland the larger the amount of iodine 
with which its substance can combine. 

The arguments advanced for this theory are in part the same as 
hose which have been urged against the view that the iodine is an 
mportant constituent of the Eeecod and which have been discussed 
ibove. Such arguments are based largely upon what may be called 
ae studies, and, as we have already seen, conclusions drawn 
om such studies do not necessarily apply to ae thyroid when used 
is a drug. Moreover, were this view correct, we should expect to find 
, times thyroid poor in iodine but with a eS degree of physiological 
wtivity, for the amount of iodine present a the thyroid is to a con- 
iderable extent accidental, being dependent upon the amount of this 
lement available in the food. We have, however, never found a 
pecimen of thyroid with a low percentage of iodine and with a high 
Bcc of physiological activity. Whether from the same or from 
videly separated species, the activity was in general parallel with the 
odine content. 
_ A stronger argument against the view that the activity of thyroid 
s independent of the pere entage of iodine is found in a metabolism 
xperiment of Roos,’ in ei the activity of normal thyroid was 
ompared with that of thyroid which had combined with a larger 
mount of iodine in vivo. Roos found the iodine-free thyroid of a 
log to be without appreciable effect upon nitrogen excretion, whereas 
equal amount of thyroid from a dog which had received 20 grams 

f potassium iodide in eighteen days and which contained 0.35 per 
ent iodine had a very distinct effect. Only one experiment was per- 
Bemed, and the result, although distinct, was not very marked.¢ 


« cf.S8. J. Meltzer, N. Yorker med. Monatschr., 1907, 19, p. 223. 
bE. Roos, Ztschr. f. physiol. Chem., Strassb., 1899, 28, p. 47. 
eof. F. Blum, Verhandl. d. Kong, f, inn, Med., 1906, 23, p. 196. 
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Moreover, the evidence is far from conclusive that there may n 
have been differences between the two thyroid preparations oth 
than that of the iodine content. There is also the possibility to I 
considered that the potassium iodide that was administered durin 
the course of eighteen days had in some way simply stimulated th 
thyroid to an increased production of an active substance and the 
this active substance secondarily retained an additional amount ¢ 
iodine and that the increased activity of the gland was due to th 
former and not to the latter. 

It seemed to us that the following conditions should be fulfilled i 
order to make an experiment of this character conclusive: Ther 
should be evidence that the thyroid of the animals which receivec 
the iodine compound was, before its administration, in approximately 
the same condition as those which were to serve as controls; and, in 
the second place, the iodine should be administered for but a short 
time, so as to exclude any prolonged stimulating action. We endeay 
ored to meet these conditions as follows: The thyroids of several | 
groups of ten dogs each were analyzed for iodine, so as to obtain dat 
as to the usual percentage of iodine present. To similar groups of | 
ten dogs two doses of potassium iodide or of iodoform were given 0: 
successive days and the dogs killed on the third or fourth day. I 
was found that a large amount of iodine was taken up by the thyroi 
and that the latter, tested by our methods, showed greatly increaset 
activity. Moreover, the increased activity was in direct proportic 
to the amount of iodine which had been taken up by the thyroid. | 
We believe the conclusion is justified that the physiological activity | 
of the thyroid from the different groups of dogs was approximately | 
the same before the iodine was given, and therefore the increased | 
activity of the thyroid of the iodine-fed dogs must have been d 
entirely to the iodine absorbed. The increased activity appeare 
much too rapidly to permit of the supposition that the iodine ha 
simply accelerated the production of a more powerful substane 
independent of the iodine. The experiments were as follows: 


SERIES A. 


Forty-six dogs were divided into five groups. There were 
animals in each of the first three groups, seven in the fourth, an 
nine in the fifth. To each of the dogs of the fourth group from 1 
to 2 grams of potassium iodide were given per os; they were kille 
twenty-four hours later. Each of the dogs of the fifth group receive 
1 to 1.3 grams iodoform in capsules; this was repeated on the fo 
lowing day and the dogs killed on the third day. The thyroids froi 
all these dogs were weighed, ground up finely, dried at 50° C. and 
again weighed, and the iodine determined. 


eu.” 


ae 


Weight | Weight | percent | P 

Group. of thyroid | of thyroid or cont er cent 

front. dried, of water. | of iodine. 
oj oc ccc ctccscvnscseecvecucecs 18. 03 4.84 | 73.15 0. 129 
. ee is ows w'<s0'sie'o wie wawie saa@accwednextace 25. 67 6. 86 73. 27 re | 
MN vin. fa dsucuyacs-s/as-scelacclenn 14.09 3. 99 71. 68 106 
Sy a 13. 25 3. 35 74. 71 . 148 

DIMM oedis i wc since «ale wie ac Saclebea wens aes 25. 92 Teen 72.14 . 30 


the glands of the controls contained from 0.106 to 0.129 per cent 
line; those which had received the potassium iodide had 0.148 and 
se which had received the iodoform 0.3 per cent. The glands of 
five series lost approximately the same per cent of moisture on 
ing; this is additional evidence that they are strictly comparable. 
Phe following experiments were performed with these preparations: 


1. EXPERIMENTS WITH ACETONITRILE. 


a. EXPERIMENTS ON MICE. 


Serigs I. 
B A. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
: Weight 
Date. pirnarise: Remarks. 
1907. 
a 12.05 | Feeding of cakes each containing 0.0025 gms. thyroid commenced. 
a 12. 92 
= 12. 92 
ae 13. 07 
ll 12. 63 | Acetonitrile, 15.16 mgms., i. e., 1.2 mgms. per gm. mouse. Survived. 
10.73 | Thyroid as above. 
eee... 11. 07 
=== 10. 85 
a 10. 50 
re 10.75 | Acctonitrile, 15.05 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 
Metso... 5. 12.95 | Thyroid as above. 
aes s,s - 13. 42 
ae Ie Tie 
= 10. 41 | Acetonitrile, 16.66 mgms., i. e., 1.6 mgms. per gm. mouse. Died 3 hours. 
ieee. ...... 14.22 | Thyroid as above. 
ee... 13,82) 3 
= Fs 13. 00 


a 11.60 | Acetonitrile, 23.2 mgms., i. e., 2 mgms. per gm. mouse. Died 1 hour. 


B. THYROID OF GROUP 4 (POTASSIUM IODIDE); 0.148 PER CENT IODINE. 


1907. 

ae 11.06 | Feeding of cakes each containing 0.0025 gm. thyroid commenced. 
eer 2. 12. 27 

ee 12535 } ‘ 

ae. 2. . 12.00 | Acetonitrile, 19.2 mgms., i. e., 1.6 mgms. per gm. mouse. Survived. 


11.64 | Thyroid as above. 

1s. 

11.52 

IPAS 

11.80 | Acetonitrile, 22.42 mgms., i. e., 1.9 mgms. per gm. mouse. Died 1} hours. 


12.74 | Thyroid as above. 

12. 02 

11. 62 

ili 

10.94 | Acetonitrile, 24.07 mgms., i. e., 2.2 mgms. per gm. mouse. Died 3} hours. 
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Cc. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. | 


Weight | 
Date. a mouse. icon i Remarks. 
1907. 
TUNG Do oe ees 12.52 | Feeding of cakes each containing 0.0025 gm. thyroid commenced. 
wee wee 13. 70 
eee 13. 20 : 
aE Ra Ee Oe 12.89 | Acetonitrile, 18.05 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 
WING HO he 14.01 | Thyroid as above. 
Biv Se neve 14. 90 
yf Ue, aaa Te 13. 70 
1 eee 12.30 | Acetonitrile, 22.14 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 
Pune 5. ooh. -e 13.30 | Thyroid as above. 
Biche ene 13. 13 
iN eR a OS 13. 20 
i Ne his Rees 12. 18 
TOE AS eee 12.10 | Acetonitrile, 30.25 mgims., i. e., 2.6 mgms. per gm. mouse. Survived. 
SUMNEs ee. ce = 11.79 | Thyroid as above. 
= ee ee T1. 83 
1h sees 11. 40 
Ls apy Se 10. 18 
1G) Jo oKooee 9. 23 
1 (ee ae ae 8.71 | Acetonitrile, 24.39 mgms., i. e., 2.8 mgms. per gm. mouse. Died 2 hours. — 
D. CONTROLS. 
1907. | , 
wumMe "5. -.22- 2 12.48 Feeding of cakes without thyroid commenced. 
Seas 13. 61 
1 by DS oa 13. 42 
1S a eee 12.96 | Acetonitrile, 4.28 mgms., i. e., 0.83 mgm. per gm. mouse. Survived. 
POSE Ds = ae 8.23 | Cakes as above. 
Rieke weer 7. 56 
1G pee 8. 07 
iY Sea | 8.05 | Acetonitrile, 2.98 mgms., i. e., 0.87 mgm. per gm. mouse. Survived. 
game 5.2525 12.10 | Cakes as above. 
re Pee epee 13. 16 , 
Mee ey . 
ik Bs eae | 13.00 | Acetonitrile, 5.2 mgms., i. e., 0.4 mgm. per gm. mouse. Died about 2 hour 
CTL ile) enone 12.30 | Cakes as above. 
SA. 11. 83 
ee Ae 12. 57 
‘eee 12. 66 
1G eR | 12. 22 | Acetonitrile, 4.89 mgms., i. e., 0.4 mgm. per gm. mouse. Died 2 hours. 


Summary.—The results of the aboye experiments may be tal 
lated as follows: 


nitrile in m 
Gm. thy- | Percentage | Mgm. I in : ; 
roid fed _ | of iodine in thyroid fed = 

daily. thyroid. daily. 


Recovered. Di 


AS os pn ey es Su ooh woe oe Le ee 0. 0025 0. 111 0. 0027 1.4 
Be pias Ce ars Sees Se eee . 0025 . 148 . 0037 pee 
en wk Shoe hed Sek oad et oe eee ee Ree eee . 0025 . 300 . 0075 2.5 
D, Comtrols ne occnn coc cec cele sce eo ce eee eo sell eee. eae eee | eee -3 
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From the above experiments it is seen that there is a direct paral- 
sm between the per cent of iodine and the physiological activity 
the thyroid. The thyroid of Group 5 (C) (from the dogs which 
ad received iodoform and which contained 0.3 per cent iodine) 
nabled the mice to recover from about twice as much acetonitrile 
3 did that from Group 2 (A) (normal, 0.111 per cent iodine). The 
nyroid of Group 4 (B) (potassium iodide fed dogs; 0.148 per cent 
odine) was slightly more active than that of Group 2 and less active 
han that of Group 5. The amount of thyroid fed was compara- 
ively large, and in the case of Group 5 was probably greater than 
he minimum amount necessary to produce the maximum effect. 


Series II. 


In the following experiments different amounts of the thyroid 
ere fed; in the first three the amounts were selected so as to make 
he total iodine about the same in all. 


A. THYROID OF GROUP 3 (NORMAL); 0.106 PER CENT IODINE. 


Weight 


Date of mouse. Remarks. 
1908. 
15.30 | Feeding of cakes each containing 0.003 gm. thyroid commenced. 
a  eLOs02 
| 16. 37 
Meme. -...... 15.99 | Acetonitrile, 34.38 mgms., i. e., 2.15 mgms. per gm. mouse. Survived. 
a 21.60 | Thyroid as above. 
ae 21. 64 
a 21.34 
2 Gee 22.10 
MES Os sin. 22.03 | Acetonitrile, 55.08 mgms., i. e., 2.5 mgms. per gm. mouse. Survived. 
mia. ....... 23.58 | Thyroid as above. 
J a 24. 74 
pe Ss. 24. 64 
eee 25.05 | Acetonitrile, 67.64mgms., i. e.,2.7 mgms. pergm.mouse. Died one-half hour. 
moril 14_....... 27.56 | Thyroid as above. 
ees = 2-2 ~ 27. 72 
See 27. 50 


Sh ——— 28.30 | Acetonitrile, 89.9 1ngms., i. e., 3 mgms. per gm. mouse. Died 2 hours. 


B. THYROID OF GROUP 4 (POTASSIUM IODIDE); 0.148 PER CENT IODINE. 


— 1908. 
a 24.70 | Feeding of cakes each containing 0.002 gm. thyroid commenced. 
or 23. 62 
ee 23.57 
ees: . . 22.70 | Acetonitrile, 56.75 mgms., i. e., 2.5 mgms. per gm, mouse. Survived. 
na. ....... 19.12 | Thyroid as above. 
eee >= = 19. 58 
ae 19. 68 
Peer... 19.52 | Acetonitrile, 50.75 mgms., i. e., 2.6 mgms. per gm. Mouse. Survived. 
f mu 14........| 15.10 | Thyroid as above. 
|. FL 16.14 
SAree es. = 16.14 
oe 15.82 | Acetonitrile, 45.88 mgms., i. e., 2.9 mgms. per gm. Mouse. Survived. 
ee... ....| 22.72 | Thyroid as above. 
lL ia 24. 32 
merc. s..... 24. 92 
ee 25.32 


eas 25.50 | Acetonitrile, 73.95 mgms., i. e., 2.9 mgms. per gm. mouse. Died 14 hours. 


| 61494—Bull. 47—09-—7 


ae 
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C. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. 


D. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. 


Weight 
Date of mouse. 
1 
* Us a ee: 22. 95 
Wiset cose 22. 64 
- es 22. 20 
22 Nee 23. 02 
Joly UE CA ein 13. 76 
Lee: 14. 03 
Bee ees 12. 58 
ae 12. 50 
wm 14 et 16. 66 
Lio eee 17. 24 
7 eae eee 17. 49 
7.3 Nn are 17.70 
Pern 14. es 24. 36 
(Ves eae 23. 27 
7S eee ae 23. 52 
ee ee 24. 03 
5, a le 23. 36 
908. 
Aprilia ss. -- 19. 36 
i ee. 19. 70 
| Lies ae 20. 26 
Dae act acacne 20. 74 
Wr dA. 5 325 17. 75 
eo eee 18. 85 
| aes Pe 18. 57 
7) EP: 18. 42 
23s Fee oe 18. 44 
April. 2. s.s: 14. 94 
hy Cae eee 15. 36 
2 OSS ees 15. 28 
7S gee 15. 33 
marl 14. > oo 24. 09 
eae 26. 07 
20P 2 25. 45 
Feta eS 25. 33 
77 apes 25.15 
1908. 
We 17. 56 
CaF pee a 17. 76 
| PN te 16. 42 
7, a 16. 71 
See 27.94 
ss a ee ae 28. 76 
eS Seo 28. 58 
7 ee oe 27. 83 
Apri 14, 2. fa. e 19. 90 
aD Sok ores 19. 62 
7, | a ee 19. 34 
7 Es ee 19. 90 
Zs ess 19. 44 
EN Ds edeue 23. 54 
fy POL eee 23. 86 
eee 23. 92 
, Seeds 23. 54 
Tee ais bs 23.04 
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Remarks. 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 
Acetonitrile, 46.04 mgms., i. e., 2 mgms. per gm. mouse. Survived. 
Thyroid as above. ( 


Acetonitrile, 37.5 mgms., i. e., 3 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 51.33 mgms., i. e., 2.9 mgms. per gm. niouse. Died 2} hours. 


Thyroid as above. 


Acetonitrile, 74.75 mgms., i. e., 3.2 mgms. per gm. mouse. Died one-half hot 


Feeding of cakes each containing 0.002 gm. thyroid commenced. 
Acetonitrile, 67.4 mgms., i. e., 3.25 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 73.76 mgms., i. e., 4 mgms. per gm. mouse. Survived. 
Thyroid as above. 
Acetonitrile, 67.45 mgms., i. e., 4.4 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 125.75 mems., i. e., 5 mgms. per gm. mouse. Died 2 hours. 


E. CONTROLS. 


Feeding of cakes without thyroid commenced. 
Acetonitrile, 10.86 mgms., i. e., 0.65 mgm. per gm. mouse. Survived. 
Cakes as above. 

Acetonitrile, 19.94 mgms., i. e., 0.72 mgm. per gm. mouse. Survived. 


Cakes as above. 


Acetonitrile, 14.58 mgms., i. e., 0.75 mgm. per gm. mouse. Died 2 hours. 


Cakes as above. 


Acetonitrile, 17.74 mgms., i. e., 0.77 mgm. per gm. mouse. 


>; 
X rR. 
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Summary.—The results of the foregoing experiments may be tabu- 
fed as follows: 


| Fatal dose of ace- 
; tonitrile in mgms. 
Gm. thy- | Percentage | Mgm. [in | nee phy = 
roid fed | of iodine in | thyroid fed 
daily. thyroid. daily. 
Recovered.| Died. 
ge SS 0. 003 0. 106 0. 00318 2.5 2.7 
eS SSS a eee . 002 . 148 * .00296 2.9 2.9 
Rete le eis 8 oon a in wee eee ce . 001 . 800 . 0030 3.0 2.9 
te eo oe atc sae n= . 002 . 300 . 0060 4.4 5.0 
sod SS to ee en in (Sra: date (Mae Ree ee hee elie rary 72 75 


Thyroid containing 0.106, 0.148, and 0.3 per cent iodine, respec- 
vely, was fed to mice. When fed in amounts corresponding to the 
tio of 3, 2, and 1 (namely, in the inverse ratio to the iodine content) 
e physiological effects were approximately equal. With equal 
nounts of the thyroid containing 0.148 and 0.3 per cent iodine the 
tter was much the more active. 


Serises III. 


In the following experiments the effects of the thyroid of Group 3 
iormal; 0.106 per cent iodine) and of Group 5 (Godoform fed dogs; 
per cent iodine) were compared. 


A. THYROID OF GROUP 3 (NORMAL); 0.106 PER CENT IODINE. 


Date. Weight. Remarks. 
1908. 
BAO, =-- - 18.45 | Feeding of cakes each containing 0.0005 gm. thyroid commenced. 
“a 19.74 
ae 19. 74 
oe 19.74 | Acetonitrile, 35.53 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 
fori 25........ 15.00 | Thyroid as above. 
a 15. 16 
ee 15. 14 
eee 15. 28 : F 
OU a Acetonitrile, 29.03 mgms., i. e., 1.9 mgms. per gm. mouse. Survived. 
MOL. =... - 15.73 | Thyroid as above. 
= ae 14. 88 
. 14. 50 
ee 14.34 | Acetonitrile, 30.11 mgms., i. ¢., 2.1 mgms. per gm. mouse. Died 6 hours. 
Bao. coe 16.87 | Thyroid as above. 
| ae 18. 20 
= 17. 60 


j 2 eee 18.15 | Acetonitrile, 41.75 mgms., i. e., 2.3 mgms. per gm. mouse. Died 34 hours. 


B. THYROID OF GROUP 3 (NORMAL); 0.106 PER CENT IODINE. 


Date Weight. 
1908. 

April:25. - 2.22 13. 75 
Aes 14. 34 

tg See 14. 92 
eee FEA 14, 92 

ATU 2b. <5 2-5 14. 20 
ee Cees 14. 30 

LT 2 ee epee 13. 48 
Le eee ae 13. 28 
Arih25.:. .....<% 16. 32 
$e 15. 28 

May en<. scons 15. 32 
lea me 14. 68 
ot ae sor] eee as 

255 0) tl 7 eee eee 16. 23 
Le See 17. 68 

1 ay ee ae 17. 34 
Kehna 16. 28 
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Remarks. a 


Feeding of cakes each containing 0.0015 gm. thyroid commenced. 


Acetonitrile, 37.3 mgms., i. e., 2.5 mgms. per gm. mouse. Survived. — \ 


Thyroid as above. 
Acetonitrile, 41.17 mgms., i. e., 3.1 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 52.85 mgms., i. e., 3.6 mgms. per gm. mouse. Died 1} b ours 
Thyroid as above. 


Acetonitrile, 61.86 mgms., i. e., 3.8 mgms. per gm. mouse. Died 50 hou Ts. 


rr rc ne rr reer te ne ee a 


GROUP 5 (IODOFORM FED DOGS); 0.3 PER CENT IODINE. ~ 


Feeding of cakes each containing 0.0005 gm. thyroid commenced. 


Acetonitrile, 45.47 mgms., i. e., 2.7 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 51.27 mgms., i. e., 3.1 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 52.72 mgms., i. e., 3.7 mgms. per gm. mouse. Survived. 


Thyroid as above. 


U 


Died 14 hours. 


Acetonitrile, 61.82 mgims., i. e., 4.2 mgms. per gm. mouse. 


D. THYROID OF GROUP 5. 


1908. 

ADT Aas soda 14. 98 
ee ee 16. 50 

MAY 2) os. 16. 84 
ones 16. 84 

JN 0) 9 173 ee es 15. 99 
ee pe 16. 64 

(Miayaas: ° 2 2se = 16. 32 
0 ante fees tae 16. 54 

JN 6 001 7 a a 15.49 
PEE ater 16. 37 
MAY. 2.22 22. 12.96 
Poe nee 14. 25 
Aprils... 222 <=. 15. 13 
iy eee | > 1564 

1S ese Seles 14. 75 
eee 14. 72 
Bye exits ee eri eee 

1908. 

1.0) ot O25 ee eee 15. 05 
Foye Me 16. 08 

1 fig) Seon pe 15. 66 
SP ML ALS ee 15. 66 

Or 28. 14. 84 
{eee ae 15. 44 

1 ge a 14. 24 
See Ce Ge ee 14.15 

ADT 20...0.'.: 15. 24 
7 Oe ps 15. 00 

AY ses ange 14, 83 
Pewee wee 14. 69 

PATE 2B. oe sss «2 15. 54 
Narre 16. 04 

TY & Senay 16. 16 
Bc Redan 15. 80 


Feeding of cakes each containing 0.001 gm. thyroid commenced. 


Acetonitrile, 46.98 mgms., i. e., 3 mgms. per gm. mouse. Survived. 
Thyroid as above. 

Acetonitrile, 50.94 mgms., i. ¢., 3.6 mgms. per gm. mouse. Survived 
Thyroid as above. 


Acetonitrile, 60.23 mgms., i. e., 4.1 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 74.26 mgms., i. e., 4.7 mgms. per gm. mouse. Died 44 hot 


i me | a re 
ped 


E. CONTROLS. 
Date. Weight. Remarks, 
1908. 
EY. oe sas 13.45 | Feeding of cakes without thyroid commenced. 
> ae 14. 47 
| ae 14. 56 
| 14.56 | Acetonitrile, 7.43 mgms., i. e., 0.51 mgm. per gm. mouse. Survived. 
Sib 2D........ 18.43 | Cakes as above. 
Mmeo0. . =~... 19. 67 
. ee 19. 76 
. Eee 19. 54 
SE Ae Acetonitrile, 10.16 mgms., i. e., 0.52 mgm. per gm. mouse. Died 1 hour. 
pril 25........ 16.88 | Cakes as above. 
| a 15.43 
See 15. 57 
. 15,21, 
Sade oS hee Acetonitrile, 8.06 mgms., i. e., 0.53 mgm. per gm. mouse. Died 8 hours. 


Summary.—The results of the above experiments may be tabu- 
uted as follows: 


| . | Fatal dose of ace- 


tonitrile in m , 
Gm. Percentage | Mgm. I in | per “an a 


thyroid of iodine thyroid 
fed daily. | in thyroid.| fed daily. a i. 


| Recovered.| Died. 


ee er rr 0. 0005 0. 106 0. 00053 1.9 2.1 
nade nb cet. = SB ee 0015 106 00159 eae 3.6 
La 5a Ska 6a ee 0005 300 00150 adi 4.2 
8 dbcchat bea 001 300 00300 4.1 4.7 
ETE PEEPS yn AS oz ze loceles (Seay cc ew oe clececeaecces 51 Aa 7? 


With equal amounts of thyroid containing, respectively, 0.106 and 
.3 per cent iodine, the effect of the latter was much greater than that 
of the former; with three parts of the former and one part of the 
atter the effects were nearly equal. One part of the thyroid rich in 
iodine was also much more active than one and one-half parts of the 
thyroid poor in iodine. 


In this series equal amounts of the thyroid of Grane 2 and 1 (nc 
mal) and of Group 5 (iodoform fed dogs) were compared. | 


A. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 


B. THYROID OF GROUP 1 (NORMAL); 0.129 PER CENT IODINE. 


C. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. 


. Weight 
Date of mouse. 
1908. 

Mar. OF 52 oo. 13. 83 
Hoy peed Ge | 12. 49 
te 11. 76 

May OL no. ace 2 18. 52 
Ose sooo 18. 43 
| ae 18. 29 

i ma) Set Se 18. 48 
| Jaaepeea eee 19. 00 
LY fs Aaa Fs 5 | bala ee Se 

1. ES ll oe eae ieee 14. 98 
VGee seen oe 12. 80 
br Saeed (as ei ae 
1908. 

May (9) 0. 2: 16.17 
eee ae 16.8 
AS. ees 16. 71 

aU 2a ee ad 11. 50 
MSE F sire oe 12. 67 
Ca epee 12. 46 
Lae Se a 12. 59 

My: OF ete 15. 87 
1a Re a AL 1 BFA le 
LO Se toe 14. 87 
ee a ae hte. cera Sos 

Uo. ee 15. 71 
Ae ter 14. 61 
i oe 14. 58 | 
Ee rs, Nit sepals A 
1908. 

May” 9:.....:.. 21. 46 
i a ae 19.13 
1 tel eee 2 19.15 

| | 

eee | 14. 50 
Speer 13. 39 | 
SER Lewes Soke 

pt See | 16.12 
vee ak | 15.02 | 
| Spee |. 15.05 | 

MBY Ooo ccecies | 14. 26 | 
th Ae ae 12. 25 | 
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Series IV. 


Remarks. 


Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 


Acetonitrile, 12.94 mgms., i. e., 1.1 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 26.61 mgms., i. e., 1.4 mgms. per gm. mouse. Died 5 hours. 


Thyroid as above. 


Acetonitrile, 34.2 mgms., i. e., 1.8 mgms. per gm. mouse. Died 2 hours. — 


Thyroid as above. 
Acetonitrile, 32.0 mgms., i. e., 2.5 mgms. per gm. mouse. Died 3 hours. 


Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 


Acetonitrile, 26.74 mgms., i. e., 1.6 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 22.62 mgms., i. e., 1.8 mgms. per gm. mouse. Survived. 


Thyroid as above. 


Acetonitrile, 31.23 mgms., i. e., 2.1 mgms. per gm. mouse. Died 1} hours. 


Thyroid as above. 


Acetonitrile, 36.45 mgms., i. e., 2.5 mgms. per gm. mouse. Died 1} hours. 


Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 
Acetonitrile, 55.54 mgms., i. e., 2.9 mgms. per gm. mouse. Survived. 


Thyroid as above. , 
Acetonitrile, 41.51 mgms., i. e., 3.1 mgms. per gm. mouse. Survived.. 


Thyroid as above. 


Acetonitrile, 49.66 mgms., i. e., 3.3 mgms. per gm. mouse. Died 2} hours. 


Thyroid as above. 


Acetonitrile, 42.88 mgms., i. e., 3.5 mgms. per gm. mouse. Died 4} hours. 
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D. (CONTROLS.) 


Weight 


of mouse Remarks. 


16.65 | Feeding of cakes without thyroid commenced. 


16. 06 
16. 05 
col ar Acetonitrile, 5.78 mgms., i. e., 0.36 mgm. per gm. mouse. Survived. 
ae 16.50 | Cakes as above. 
a 15. 74 
Lo re 15. 42 
See 15.56 | Acetonitrile, 5.76 mgms., i. e., 0.87 mgm. per gm. mouse. Died 2 hours. 
ae 15.79 | Cakes as above. 
Mee als. 2 11. 80 
em. 12.15 
lb) ee 13.16 | Acetonitrile, 5.27 mgms., i. e. 0.4 mgm. per gm. mouse. Died 4 hours. 


Summary.—The results of the above experiments may be summa- 
ized as follows: 


Fatal dose of ace- 


tonitrile in mgms. 
Gm. Percentage | Mgm. I in pera Be 


4 thyroid of iodine thyroid 
fed daily. |in thyroid.| fed daily. |_—————V 


Recovered.| Died. 


one dag da Deon 0. 0005 0.111 0. 00055 ak 1.4 
0 0005 . 129 . 00064 ts ot | 
a ree 0005 . 300 . 00150 ae ao 
ee rn et es os flake sec wee eos faeces oe eilesceses Jeane . 36 Fou 


The thyroid of the dogs which had received iodoform was much 
nore active than that of the normal dogs. 

b. EXPERIMENTS ON Rats. 

Results very similar to the above were obtained in a series of 
xperiments upon rats. In these animals there is a diminution of 
esistance to acetonitrile. 

A, THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 


Date hie ig Remarks. 
1908. 
May 4 See : 32 | Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 
ae 33 
| eae 33 
BA sian 32 | Acetonitrile, 51.2 mgms., i. e., 1.6 mgms. per gm. rat. Died about 17 hours. 
. 43 | Thyroid as above. 
a 43 
ee 43 
GRE sae 41 
Lt Se re Acetonitrile, 73.8 mgms., i. e., 1.8 mgms. per gm. rat. Survived. 
May 15......... 50 | Thyroid as above. 
ee 50 
Se 49 
eee ees on 48 | Acetonitrile, 100.8 mgms., i. e., 2.1 mgms. per gm. rat. Died 2 hours. 
35 | Thyroid as above. 
34 
34 
32 


32 | Acetonitrile, 70.4 mgms., i. e., 2.2 mgms. per gm. rat. Died 4 hours. 


io 9 


Weight 
Date of rat. Remarks. 
1908. 
Biay.ib. -.. 22... = Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 
ee : 
> pe 37 
ea EE 34 | Acetonitrile, 34 mgms., i. e., 1 mgm. per gm. rat. Survived. 
2 ee 44 | Thyroid as above. 
i be epee 42 
-. ree 43 
7) Ea een 41 ; 
| aes 41 Acetonitrile, 53.3 mgms., i. e., 1.8 mgms. per gm. rat. Survived. 
May 15.........| 38 Thyroid as above. 
Boric oe ie 37 
| ees 36 . 
Bocencaecs 35 | Acetonitrile, 52.5 mgms., i. e., 1.5 mgms. per gm. rat. Died 1} hours. 
C. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
1908. 
May - soe ae oa Feeding of cakes, each containing 0.0015 gm. thyroid, commenced. 
1 ee eo 9 
ee ad 38 ; 
BS ene 38 | Acetonitrile, 45.6 mgms., i. e., 1.2 mgms. per gm. rat. Survived. 
May 1b... = 43 | Thyroid as above. 
MS ee pees 41 
ee soe es 41 
> a od 38 
De Oe ee | ee oe er Acetonitrile, 49.4 mgms., i. e., 1.8 mgms. per gm. rat. Died 1 hour, 
og Ss 36 | Thyroid as above. 
eee 35 
PAN Se Be 34 
Ds osc cine ces 33 
oy VE amen Al Se cep Be a 4 Acetonitrile, 46.2 mgms., i. e., 1.4 mgms. per gm. rat. Died 4 to7 hours. 
May. 15.2 ..2.% 64 | Thyroid as above. 
ieee ces 57 
7, Re eee 59 
i Eee 58 | Acetonitrile, 92.8 mgms., i. e., 1.6 mgms. per gm. rat. Died 3 hours. 
D. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
1908. : 
May 15..°....... = * Feeding of cakes, each containing 0.003 gm. thyroid, commenced. 
Bee che 3 3 
-, SR 36 
eae Ee ess 35 | Acetonitrile, 28 mgms., i. e., 0.8 mgm. per gm. rat. Survived. 
1 ee 45 | Thyroid as above. 
i pce 43 
7 Ee Sees 43 
2) Re ee 41 
| ape ae 41 | Acetonitrile 36.9 mgms., i. e., 0.9 mgm. per gm, rat. Survived. 
IMBY 15..,.--<- « 37 | Thyroid as above. 
| Ee hoe 35 
=. ae See 37 
ae 34 
7 eee ea ee Acetonitrile, 34 mgms., i. e., 1 mgm. per gm, rat. Died 1 hour, 
May 16. .2us00.t 31 | Thyroid as above. 
Ses FOR oe 31 
7. | PN are 31 
2 ees: 29 | Acetonitrile, 31.9 mgms., i. e., 1.1 mgms. per gm. rat. Died 2} hours. 
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KE. THYROID OF GROUP 5 (IODOFORM); 0.8 PER CENT IODINE, 


Weight 
Date of rat, Remarks. 
1908. 
PA Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
ae 37 
(ae - 98 
eta crs 2 36 | Acetonitrile, 18 mgms., i, e., 0.5 mgm, per gm. rat. Survived. 
| ae 38 | Thyroid as above. 
37 
ae 38 
I 35 
MUMRes = -(-+->-|+--------- Acetonitrile, 21 mgms., i. e., 0.6 mgm, per gm, rat. Died 1 to 2 hours. 
0 36 | Thyroid as above. © 
ae 34 
| [|] 35 
gee 33 | Acetonitrile, 23.1 mgms., i. e., 0.7 mgm. per gm, rat. Died 44 hours. 
a 41 | Thyroid as above. 
ae 38 
la 38 
Lees 35 | Acetonitrile, 35 mgms., i. e., 1 mgm. per gm. rat. Died 2} hours. 
J F. CONTROLS. 
1908. 
fay ~ eee = Feeding of cakes without thyroid commenced. 
ee 37 
ees 38 | Acetonitrile, 87.4 mgms., i. e., 2.3 mgms. per gm. rat. Survived. 
- 41 | Cakes as above, 
| 39 
ae 37. 
__ eee 36 | Acetonitrile, 100.8 mgms., i. e., 2.8 mgms. per gm. rat. Survived. 
ae 50 | Cakes as above. 
See 46 
ee 48 
ae 44 
(i ees eee Acetonitrile, 127.6 mgms. i. e., 2.9 mgms. per gm. rat. Survived. 
a 
Melo, o-.----- 69 | Cakes as above. 
ee 3c. 64 
| ee 65 
es 62 
| ee Acetonitrile, 186 mgms., i. e., 3 mgms. per gm. rat. Died 23 hours. 
PyolD......... 42 | Cakes as above. 
a 38 
ee 38 : : 
a 37 | Acetonitrile, 114.7 mgms., i. e., 3.1 mgms. per gm. rat. Died 3 to 6 hours. 


Summary. —The results of the above experiments may be tabulated 
s follows: 


Fatal dose of aceto- 
: nitrile in mgms. 
Gm. thy- | Percentage}; Mm. Tin per gm. 
roid in ofiodine | thyroid of 
each cake. | in thyroid. | each cake. 


Recovered. | Died. 


0. 0005 0.111 0. 00055 1.8 2.1 

0005 . 300 - 00150 1.3 1.5 

0015 ; Be - 00166 1.2 1.3 

003 sak - 00333 9 1.0 

001 - 300 00300 5 -6 

RG wien Swim a Sc cle wo nen n elon en wana nr celeccececccvccleweonsccnean 2.9 3.0 
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With equal amounts of thyroid that containing the higher el 
centage of iodine was the more active. To obtain approximatel: 


equal effects it was necessary to give three times as much of th 
thyroid poor in iodine as of the thyroid rich in iodine. - 


2. EXPERIMENTS WITH MORPHINE. 


a. EXPERIMENTS ON MICE. 


Only one short series of experiments was performed in which the 
effect of feeding the above thyroid preparations upon the resistance 
of mice to morphine sulphate was tested. 

The results indicate that the thyroid of the iodoform-fed dogs is 
distinctly more active in lowering the resistance of mice to morphine 
than is that of the normal dogs. 


A. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 


Weight 
Date of mouse. Remarks. 
1907. ies 
UV iOn se = - Se - 11.64 | Feeding of cakes, each containing 0.01 gm. thyroid, commenced. 
ORE See 11.74 
if le Sears Rage 11.10 
1S Se eee 10.40 | Morphine sulphate, 0.73 mgms., i. e., 0.07 mgm. per gm. mouse. Survived 
Uy 3.2.52... - 13.33 | Thyroid as above. 
ie ee 13. 64 
1 Peel eases 14. 45 : 
IA. tae eee 13.33 | Morphine sulphate, 1.47 mgms., i. e., 0.11 mgm. per gm. mouse. Survived. 
DY. o-oo 12.14 | Thyroid as above. 
Beare ibAv i 
1 ee 12.05 : 
1 shes a pea 11.25 | Morphine sulphate, 1.8 mgms., i. e., 0.16 mgm. per gm. mouse. Died three 
fourths hour. 
B. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. 
| 
1907. ve 
+ 14.65 | Feeding of cakes, each containing 0.01 gm. thyroid, commenced. 
“ie area 16. 22 
et a 13. 00 
| ES 11.76 | Morphine sulphate, 0.82 mgm., i. e., 0.07 mgm. per gm. mouse. Survived. 
Ee Re i eee 12.92 | Thyroid as above. 
Bae ane 13. 02 
eerste | - 4839 
1 eee eee 11.94 | Morphine sulphate, 1.07 mgms., i. e., 0.09 mgm. per gm. mouse. Survived. 
POW DA Wc cer sis 13. 23 | Thyroid as above. 
eer 13. 10 
Peon a oe 12. 45 
| a ne eee: 12.32 | Morphine sulphate, 1.23 mgms., i. e., 0.1 mgm. per gm. mouse. Died 2 hour 
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C. CONTROLS. 


SSS — —_— 


Weight 


of mouse. Remarks. 
lL ae rn ms Feeding of cakes without thyroid commenced. 
eet... 14. 25 Morphine sulphate, 5.27 mgms., i. e., 0.837 mgm. per gm. mouse. Survived. 
as 11.40 | Cakes as above. 
ae 11. 90 
12. 45 
ae 12.33 | Morphine sulphate, 5.18 mgms., i. e., 0.42 mgm. per gm, mouse. Survived. 
ee 14.25 | Cakes as above. 
Ae 14. 46 
as 14. 85 
Es : 14.40 | Morphine sulphate, 6.19 mgms., i. e., 0.48 mgm. per gm. mouse. Survived. 
SS ae 12.90 | Cakes as above. 
ES wt. sin 15. 32 
> ae 15. 72 
|e 15.40 | Morphine su[phate, 6.93 mgms., i. e., 0.45 mgm. per gm. mouse. Died 1} hours 
13.85 | Cakes as above. 
a 12. 90 
Mao. 5 177 ; 
a 11.75 7 aa sulphate, 5.4 mgms., i. e., 0.46 mgm. per gm. mouse. Died about 2 
Pp ours. 


Summary.—The results of these experiments may be tabulated as 
yllows : 


— dose ~~ mor- 
; phine sulphate in 
Gm. thy- | Percentage! Mg. I in 2 \ 
roid fed of iodine | thyroid fed ree 
daily. in thyroid. daily. 


Recovered. Died. 


i cal ae a 0.01 0.111 0.0111 0.11 0.16 
CE 01 . 300 . 0300 .09 10 
me rE et or Le. =< fs hac osule bcos bessiclece ese cen sex|eecaecteses~ 43 - 45 


b. EXPERIMENTS ON Rats. 


The following series of experiments on rats, although very incom- 
lete, show that the activity of the thyroid, the iodine content of 
hich has been increased by the administration of iodoform to dogs, 
as much greater than that of normal thyroid. | 


Seriss I, 
§ A THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
Weight 
Date Strat: Remarks. 
NE Ais ws = © 43 | Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 
ee 43 
ee 43 
Oe 41 


Bee oe 40 | Morphine sulphate, 10 mgms., i. e., 0.25 mgm. per gm. rat. Survived. 
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B. THYROID OF GROUP 5 (IODOFORM); 0.3 PER CENT IODINE. ie 


Dela) eee Remarks. 
| 

1908. 
MAY IG 3 occ sos 36 | Feeding of cakes, each containing 0.0005 gm. thyroid, commenced. 

!), a eee 37 

20 Sa aie ete eae 37 F 44 

3 ee 34 - 

-) See 34 | Morphine sulphate, 4.76 mgms., i.e., 0.14 mgm. per gm. rat. Survived. — 
Mayas 7... =. 41 | Thyroid as above. 

aa ee 39 

LN een eae 40 

7) ap neta 39 

2 eee 35 | Morphine sulphate, 7. mgms., i.e., 0.2 mgm. per gm. rat. Survived. 
Marat. 2.) 2 44 | Thyroid as above. 

ae 42 

os Ss eer 43 

RS Se 41 

i ere 41 

2 gare eae 43 | Morphin2 sulphate, 10.75 mgms., i. e., 0.25 mgm. per gm. rat. Died 5 ho 


C. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 


1908. ‘ 
May lb. ..22:<: - Feeding of cakes, each containing 0.0015 gm. thyroid, commenced. 
| eet 3 ’ 
ya se 38 
| a ee 38 
7. eR 40 | Morphine sulphate, 10 mgms., i.e., 0.25 mgm. per gm. rat. Died 2} hours. 
D. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
1908. 
May 1h: ..-5% 38 | Feeding of cakes, each containing 0.003 gm. thyroid, begun. 
Li ee 37 
| ane 36 
eee Oe 35 
7s ea Ete we 40 | Morphine sulphate, 6.4 mgms., i.e., 0.16 mgm. per gm. rat. Survived. 
May 15......... 45 | Thyroid as above. 
Tee eee ee. 43 
ri eel ee 43 
A Aes 41 
A yin 41 
eee oe 43 | Morphine sulphate, 8.6 mgms., i.e., 0.2 mgm. per gm. rat. Died 3} hours. 
E. THYROID OF GROUP 3 (NORMAL); 0.106 PER CENT IODINE. 
1908. 
May 2 gh ge - Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
aoa 51 
ae eS 50 
7 Sage ig 50 y 
7A ha Mp FS pee 51 | Morphine sulphate, 12.75 mgms., i.e., 0.25 mgm. per gm. rat. Survived. 
F. THYROID OF GROUP 5(IODOFORM); 0.3 PER CENT IODINE. 
1908. 
May 2 pias Sine d 4 Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
{eee yo 6 
oe ae 37 
oS 36 ‘ 
“2 ORE 36 
«7 SE ep 387 | Morphine sulphate, 7.4 mgms., i.e., 0.2 mgm. per gm. rat. Died 5 hours. 
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G. CONTROLS. 


Weight 


of rat. Remarks. 
1908. 
| ae os Feeding of cakes without thyroid commenced. 
MnG....-...- 
ae 37 
38 
Se 40 | Morphine sulphate, 13.6 mgms., i. e., 0.34 mgm. per gm. rat. Survived. 
re mg....-..:- 41 | Cakes as above. 
UU 39 
Bee ocr an =» 37 
Be c's =<. 36 
eis. x- == - 36 | Morphine sulphate, 14 mgms., i. e., 0.39 mgm. per gm. rat. Survived. 
ae 50 | Cakes as above. 
| 46 
Bee se ore 48 
{aa 44 
leer == = - 44 | Morphine sulphate, 17.6 mgms., i. e., 0.4 mgm. per gm. rat. Died 4 hours. 


_ Summary.—These experiments may be summarized as follows: 


ge phe dose of mor- 
Gm. thy- Percentage | Mgm. I in| weight in oe pe a 
roid in | ofiodinein| thyroid of | per cent of 
each cake. | thyroid. | each cake. original |}——————> 
weight. | Recovered.| Died. 

0 SE Se 0. 0005 0. 111 0. 00055 7.0 0. 25 Peer, | 
ee 0005 3 0015 7.6 . 20 0. 25 
ose Beer 0015 111 00166 2.4 ee ee 25 
he 003 111 . 00333 .0 16 20 
I set oh ee elle... 001 106 - 00106 5.5 By ee ee 
a th 4665oe36aee ae 001 3 . 0030 La OM TS aes . 20 
a i EE ee ee 9.1 39 - 40 


_ These experiments show that with equal amounts of thyroid con- 
faining different percentages of iodine those with the larger amounts 
of iodine caused the greater lowering of resistance to morphine; also 
that in order to obtain equal physiological effects it was necessary 
to feed much more of the iodine-poor thyroid. Loss of weight can 
not explain the increased susceptibility of the rats to morphine, for 
with but one exception there was no loss of weight greater than that 
which could be ascribed to the exclusive cracker diet. 


SERIES B. 


Twenty-three dogs were divided into three groups. There 
were six dogs in the first group (Group 6), nine in the second 
roup 7), and eight in the third (Group 8). Each of the dogs of 
Group 6 received about 1.2 grams iodoform in capsules on two suc- 
tessive days; they were killed on the day following that on which 
they had received the second dose. The glands were weighed and 


r 


1 


dried as described under Series A, 


Weight of | Weight of oats 
Group. thyroid | thyroid | Percentof | 


fresh. dried. |) < "ase 
8 (ledolorm). .. 2... .2 22-5... sa0.-< + pees pee eee 12. 40 3. 20 74.2 
SAMOTMB]) . «ooo. Bie kw ads dn oS nem eee 33. 05 8. 69 73.7 
Si (pormial)...2:. 52.2. 6550+ Sees ss SO eee ee ee ee 17. 40 4. 60 73.5 


The following experiments were performed with these thyroids al 
some of those of Series A. 


A. THYROID OF GROUP 8 (NORMAL); 0.12 PER CENT IODINE. 


Weight 


Date of mouse. Remarks. 
1908. 
ea 5 19.13 | Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
(Gee eae 17.18 » 
7) bie eee 17.80 | Acetonitrile, 8.01 mgms., i.e.,0.45mgm. pergm.mouse. Survived. 
“UN es 16.40 | Thyroid as above. 
iy es SO 15. 89 
eae sei ote 15.66 | Acetonitrile, 8.61 mgms.,i.e.,0.55mgm. per gm.mouse. Died 1 hour. 
ig. 14.51 | Thyroid as above. es, 
ip Be 14.09 ; 
DRA y.8! Se 12.73 | Acetonitrile, 8.91 mgms.,i.e.,0.7 mgm. pergm.mouse. Died 24 hours. " 
B. THYROID OF GROUP 2 (NORMAL); 0.111 PER CENT IODINE. 
1908. ; 
UR NS eee 15.36 | Feeding of cakes, each containing 0.001 gm. thyroid, commenced. = 
ir Nae Se 13. 78 
7: Hier Uerern 12.45 | Acetonitrile, 8.09 mgms., i. e., 0.65 mgm. per gm. mouse. Died about 4 hour 
2 ha aarie 12.81 | Thyroid as above. 
iy Ca ee 11. 59 
DAE ee se BM 11.25 | Acetonitrile, 10.13 mgms., i. e., 0.9 mgm. per gm. mouse. Died 1 hour. 
C. THYROID OF GROUP 6 (IODOFORM); 0.21 PER CENT IODINE. 
1908. 
Py aoe 2.0 14.00 | Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
s by Oe eee 13. 25 
2A [a ea 12.17 | Acetonitrile, 10.95 mgms., i. e., 0.9 mgm. per gm. mouse. Survived. 
So) So 11.80 Thyroid as above. 
1 (re ae ee 10. 59 
?,j a eae 11.29 | Acetonitrile, 15.81 mgms., i. e., 1.4 mgms. per gm. mouse. Survived. 
way Ades. o es. 2% 13.78 | Thyroid as above. 
(Yo es 14.14 
We 14.30 | Acetonitrile, 22.88 mgms., i. e., 1.6 mgms. per gm. mouse. Survived.’ 
ULV 1S. oo. 5c on 12. 25 | Thyroid as above. 
Riieeiare cae 12. 36 a 
SaaS | 9.84 Acetonitrile, 18.70 mgms., i. e., 1.9 mgms. per gm. mouse. Died 1 hour. 
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D. THYROID OF GROUP 5 (IODOFORM); 0.8 PER CENT IODINE, 


Weight 


of mouse. Remarks. 

ly [ ‘See : 91 | Feeding of cakes, each containing 0.001 gm. thyroid, commenced. 
. 88 

a 14.90 | Acetonitrile, 19.37 mgms., i. e., 1.3 mgms. per gm. mouse. Survived. 
ee 17.39 | Thyroid as above. 
16. 33 

ae 16.20 | Acetonitrile, 30.78 mgms., i. e., 1.9 mgms. per gm. mouse. Survived. 
14.52 | Thyroid as above. 

ee 13. 72 

| e , 12. 63 

ep ae Acetonitrile, 26.52 mgms., i. e., 2.1 mgms. per gm. mouse. Survived. 
Mvelo..'.-..... 17.78 | Thyroid as above. 

ar 16. 40 

oe 17.12 | Acetonitrile, 41.09 mgms., i. e., 2.4 mgms. per gm. mouse. Died 3 hours. 

c E. CONTROLS. 
1908. 

ily “ee = = Feeding of cakes without thyroid commenced. 

ee 13.53 Acetonitrile, 3.25 mgms., i. e., 0.24 mgm. per gm. mouse. Survived. 
a 13. 25 | Cakes as above. 

ae 12. 83 eS ‘ 

oD 12.96 | Acetonitrile, 3.24 mgms., i. €., 0.25 mgm. per gm. mouse. Died 1 hour. 
mais......... 14.20 | Cakes as above. 

a 13. 03 

a 11.50 

A hee Acetonitrile, 2.99 mgms., i. e., 0.26 mgm. per gm. mouse. Died 2} hours. 


SUMMARY. 


Fatal —_ of aceto- 
itrile i Ss: 
Gm. thy- | Percentage | Mgm. I in mie pe 
roid fed of iodine thyroid 
daily. in thyroid. | fed daily. 


Recovered. | Died. 


dst s¢Sst5 Se 0. 001 0. 12 0. 0012 0. 45 0. 55 
a SOE CES 6S eae 001 1: BSI a ees et ee 65 
2 beta he eee 001 21 . 0021 1.6 1.9 
de SS oS a 001 3 - 0030 2.1 2.4 

nM er 82 aren Su Soe dsc fais pacite oom colle emieielcicccscPueae nse eens 24 25 


The results are very similar to those obtained with the thyroid of 
series A. The thyroid, the iodine content of which had been increased 
y the administration of iodoform, was much more active in protect- 
Wg Mice against acetonitrile than was that of the normal dogs. 
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or iodoform is administered to dogs the thyroids of the latter contall 
a greatly increased percentage of iodine and also are much more 

active physiologically. This result occurred too quickly to admit of 
any explanation other than that the increased activity was due te 
the increased iodine content. It seems to us to show conclusively 
that thyroid rich in iodine is more active than thyroid poor in iodine 
simply on account of the iodine; in other words, that the iodine is 
the cause and not the result of the activity. 


ST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 
AND MARINE-HOSPITAL SERVICE. 


‘The Hygienic Laboratory was established in New York, at the Marine Hospital on 
aten Island, August, 1887. It was transferred to Washington, with quarters in the 
utler Building, June 11, 1891, and a new laboratory building, located in Washington, 
as authorized by act of Congress, March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
erv., Wash.] have been issued: 

#*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 
No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
) the destruction of rats. By M. J. Rosenau. 

*No. 6.—Disinfection against mosquitoes with formaldehyd and sulphur dioxid, 
sy M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 
rancis; Collodium sacs, by S. B. Grubbs and Edward Francis; Microphotography 
‘ith simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘ United States Marine- 
losp.tal Service’’ was changed to the “ Public Health and Marine-Hospital Service of 
ve United States,’’ and three new divisions were added to the Hygienic Laboratory. 
Since the change of name of the Service the bulletins of the Hygienic Laboratory 
lave been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
Revised edition, March, 1904.) 

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 
ase (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 


*No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 
yy M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 
he United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 
on H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis 
ulicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
‘he type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

No. 14.—Spotted fever (tick en) of the Rocky Mountains; a new disease. By 
fohn F. Anderson. 

No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 
|. McLaughlin. 

-*No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau. 
-*No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles. 
-*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
ncluding reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 
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*No. 19.—A method for inoculating animals with precise amounts. By M. 
Rosenau. 
*No. 20.—A zoological investigation into the cause, transmission, and source 
Rocky Mountain ‘‘spotted fever.’’ By Ch. Wardell Stiles. 
No. 21.—The immunity unit for standardizing diphtheria antitoxin (based < 
Ehrlich’s normal serum). Official standard prepared under the act approved Jul 
1, 1902. By M. J. Rosenau. 
*No. 22.—Chloride of zine as a deodorant, antiseptic, and germicide. By T. 
McClintic. 
*No. 23.—Changes in the Pharmacopcvia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. 
No. 24.—The International Code of Zoological Nomenclature as applied to med 
cine. By Ch. Wardell Stiles. | | 
No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 
No. 26.—On the stability of the oxidases and their conduct toward various reagent 
The conduct of phenolphthalein in the animal organism. A test for saccharin, an 
a simple method of distinguishing between cumarin and vanillin. The toxicity of! 
ozone and other oxidizing agents to lipase. The influence of chemical constitution) 
on the lipolytic hydrolysis of etheral salts. By J. H. Kastle. 
*No. 27.—The limitations of formaldehyde gas as a disinfectant with special refer-' 
ence to car sanitation... By Thomas B. McClintic. 
*No. 28.—A statistical study of the prevalence of intestinal worms in man. By 
Ch. Wardell Stiles and Philip E. Garrison. 
*No. 29.—A study of the cause of sudden death following the injection of horse} 
serum. By M. J. Rosenau and John IF. Anderson. 
No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Mater! 
nal transmission of immunity to diphtheria toxine and hypenueeeP ules to hor; 
serum in the same animal. By John F. Anderson. 
No. 31.—Variations in the peroxidase activity of the blood in health and diseg 
By Joseph H. Kastle and Harold L. Amoss. 
No. 32.—A stomach lesion in guinea pigs caused by diphemeee toxine and its: 
bearing upon experimental gastric ulcer. By M. J. Rosenau and John IF’. Anderson,} 
No. 33.—Studies in experimental alcoholism. By Reid Hunt. 
No. 34.—I. Agamofilaria georgiana nu. sp., an apparently new round wee parasit 
from the ankle of a negress. II. The zoological characters of the roundworm gen 
Filaria Mueller, 1787. III. Three new American cases of infection of man wit 
horse-hair worms (species Paragordius varius), with summary of all cases reported 1 
date. By Ch. Wardell Stiles. 
*No. 35.—Report on the origin and prevalence of typhoid fever in the District 
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Includit 
articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimsor 
No. 36.—Further studies upon hypersusceptibility and immunity. By M. 
Rosenau and John F. Anderson. 
No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trem 
toda and trematode diseases. By Ch. Wardell Stiles and Albert Hassall. 
No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. 
Rosenau and John FI. Anderson. 
No. 39.—The antiseptic and germicidal properties of solutions of formaldeh 
and their action upon toxines. By John F. Anderson. 
No. 40.—1. The occurrence of a proliferating cestode larva (Sparganum proliferu 
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specin 
of Filaria restiformis Leidy, 1880—Agamomermis restiformis, by Ch. Wardell Stil 
3. Observations on two new parasitic trematode worms: Homalogaster philippinen 
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sp., <igamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger. 

|, A reexamination of the original specimen of J'rnia saginata abietina (Weinland, 

858), by Ch. Wardell Stiles and Joseph Goldberger. 

*No. 41.—Milk and its relation to the public health. By various authors. 

No. 42.—The thermal death points of pathogenic micro-organisms in milk. By 

M. J. Rosenau. 

No. 43.—The standardization of tetanus antitoxin (an American unit established 

inder authority of the act of July 1, 1902). By M. J. Rosenau and John I’. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 

of Columbia,-1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 

No. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F. 

nderson. 

No. 46.—Hepatozoon perniciosum (n. g., n. sp.); a hemogregarine pathogenic for 

white rats; with a description of the sexual cycle in the intermediate host, a mite 

(lelaps echidninus). By W. W. Miller. 

No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activity 

of thyroid preparations. By Reid Hunt and Atherton Seidell. 

In citing these bulletins, beginning with No. 8, bibliographers and authors are 

requested to adopt the following abbreviations: Bull. No. ——, Hyg. Lab., U. S. 
Pub. Health & Mar. Hosp. Serv., Wash., pp. ——. 
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THE PHYSIOLOGICAL STANDARDIZATION OF DIGITALIS. 


By CHARLES WALLIS EpmuNpDs, 
Assistant Pharmacologist, Hygienic Laboratory, U. S. Public Health and Marine- 
. Hospital Service, 
and 
WortH HALe, 


Assistant Pharmacologist, Hygienic Laboratory, U. S. Public Health and Marine- 
Hospital Service. 


One of the directions along which scientific medicine has advanced 
during the past few years is in the greater accuracy with which medicines 
are administered. A very essential factor in this tendency is that 
the drugs themselves shall be of a uniform strength, and to insure 
this the Pharmacopeeia of the United States, in its last revision, pro- 
vided a number of standards to which official preparations must con- 
form. Especially is this true in the case of a number of drugs, such 
as opium, belladonna, nux vomica, ete., in which the active constitu- 
ents are capable of isolation in a pure form. With a considerable 
number of others, however, this was not found to be possible for the 
Treason that the active principles are either not known or are not 
capable of being isolated in ptre state by any known chemical 
ethod. In ane class occur such drugs in common use as digitalis 
and the other members of that series, ergot and cannabis indica. 
_ By far the most important oer of this group is digitalis itself, 
on account of its widespread use in cases of cardiac disease. At 
resent time it is impossible to secure a standardized preparation of 
e he drug by any known chemical means? on account of the fact that 
the activity of the drug depends upon no single active principle, but 
upon several whose Seon is not completely known and for the 
isolation of which there does not, at the present time, exist any 
etry chemical method. 

Our knowledge of the chemistry of the digitalis leaves we owe 
mainly to Schmiedeberg and Kiliani. The most important constit- 
uent is digitoxin, a glucoside, which is insoluble in water but soluble 
§ 


—@Submitted for publication December 4, 1908. 
bSome firms put out preparations standardized so as to contain a certain percentage 
digitoxin, but, as will be pointed out, this need not indicate a uniform physiological 


tivity. 
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in alcohol and chloroform. In watery solutions of the drug it i 
probably made soluble by the presence of other constituents of th 
plant, most likely the saponin-like body, digitonin. The digitoxir 
is readily broken up into digitoxigenin and the sugar, digitoxose 
Schmiedeberg obtained toxiresin as a decomposition product, a bow 
which is related i in action to the picrotoxin groyp. 

A second glucoside is digitalinum verum or digitalin, which i 
soluble in alcohol but POR in chloroform or water. This breaks 
up into an inactive body digitaligenin and two sugars. The digita- 
linum verum is found mainly in the seeds. | 

Digitalein®? resembles digitalin very closely, differing from it, how- 
ever, in being soluble in water. 

Disitophyiin, another glucoside, which has been isolated, resembles 
digitoxin. 

While digitoxin is the most important constituent of the prepara- 
tions of digitalis it does not necessarily follow that the activity of the 
drug runs parallel with the digitoxin content. At least this is true as 
far as we can judge by the method which is available for the isolation - 
of this body, viz, the Keller method or the Keller method as modifie¢ 
by Fromme. Keller’s method? for the isolation of digitoxin con- 
sists in the extraction of a certain amount of carefully dried and 
powdered leaves with dilute alcohol. The percolate is evaporated to 
drive off the alcohol and the residue is taken up with water and lead — 
acetate added. A voluminous precipitate results, but only the first 
portion of the filtrate obtained is saved to avoid the uncertainty of 
attempting to wash the precipitate free from digitoxin. Sodium 
sulphate is added to the filtrate to precipitate any excess of lead and 
after standing four to five hours the clear liquid is decanted, made 
alkaline with ammonia, and shaken out with chloroform. The chloro- 
formic solution is evaporated and a yellow resinous mass, the digi- 
toxin, is left behind. This may be purified by taking it up with a 
small amount of chloroform and reprecipitating with a mixture of 
sulphuric and petroleum ether. 

Several workers have tried to find a relationship between the : 
digitoxin content and the activity of the preparations, as determined — 
Ey biological methods, but the results, in almost every case, hay 
proved a failure, as will be seen by a study of the following tables 
which we have brought together for the sake of comparison. 

Ziegenbein’ conducted such a series of comparative experiments 
estimating the toxic dose upon frogs, employing leaves obtainet 
from various localities. 


@ According to Kiliani, Miinchen. med. Wchnschr., 1907, LIV, 886, the widely adve 
tised proprietary preparation digalen consists of a solution of impure digitalein. 

> Keller, Ber. d. deutsch. pharm. Geselssch., Berl., 1897, VII, 125. 

¢ Ziegenbein, Arch. d. Pharm., 1902, CCXL, 454. 


| Toxie dose 

Specimen ph en a for 100 
"| gram frog. 

Per cent. Gram. 
PEEPTPOT WVODG ETATZ, LOO). . 2... cc eaccnn-seneeccecctcvdcveccedeccecesecs 0. 33 0. 03 
Samiweawos irom North Elarz, 1901 (selected). ........-scc.cececccccccceccscccees . 163 . 03 
II CITY OULU Marz, LOOG 2... onc och wawacucccrcteenccdveceecceevceees .14 .04 
mmigaves trom South Harz, 1901 (selected). .............20cccccccw cee cccceccnee .185 | .03 
erry: NOLL. PLATZ, LOOL. 25 ceo eae on ctw c eer eccvencdvaccceeaccevcccsecs . 125 . 03 
IID TTVUIT ATI PED) 5 5.5 ons asin wale wae oie dp mmeedccebuncegaceansenedavece 115 05 
REM TERA Nao 2 Sho le ea he Siar sie ois wig ho hg Swine vnves soe ove whoo ee . 226 . 06 
Bmmanmon, bets (finely powdered)... 2.02.22. seen cae e news c cna w cess cenacaenccen . 200 0. 04-. 05 
Remon ves Klara (inely POWwdered).. 2... cee ce cece ween e ceed euecccenee 18 05 


Famulener and Lyons® carried out a similar résearch with the 
following results: 


: Purified | Toxic 
Specimen fluid extract of digitalis. : digitoxin |dose for 40 
content. |gram frog. 


4 Per cent.| Gram. 
ose cats cc ee ee ae ee ee ee I a ee ee a ne 0. 196 0. 026 


nn. dic he yi ewe eb Geb ence etensevcecturece . 258 . 029 
2 8) as 2 con st snccdseoden=h oben nests laenrse- . 182 . 038 


Barger and Shaw? found that the ratio of toxicity of the tincture 
of digitalis to the toxicity of the digitoxin contained in the specimen 
varied in the series of nine tinctures from 3.5 : 1 to 6.9 : 1,or,in other 
words, tinctures from 3.5 to 6.9 times as toxic as the digitoxin which 
was obtained by chemical assay. Focke* and Fromme carried out 
a similar set of comparative experiments and concluded that the 
digitoxin content and the physiological activity as determined by 
experiments on the frog did not run parallel. Reed? and Vander- 
kleed, using guinea pigs, claimed to have found a certain parallelism, 
but a study of their results shows that the parallelism is by no means 
without exceptions: 


og Physiological 
vy. ssay 
Gram dig- | y4 : D.ef 
No. Preparation. itoxin in Paredegale ise 5 
; 100 cubic guinea pig of 
centime- | 240 grams 
ters. weight. 
Grams. €..0: 
immo miied states Pharmacopoeia tincture. : -.. . 2... ccc. cess ee cee eens 0. 0377 0.6 
my |. =.- OO a see ei bed Se ee ae Cee eo ge Ege ace anes el ono ee . 023 1.0-1. 25 
3) | ee ae Se el Se ae eT RE iter de Aaa reer Re ea . 0277 75 
ee Serra ree Sw ed ie ne Ae Chet LS Rae eeae tas ones Gudos = . 0254 1.0 
PS aay CU CUTa Th Si SES a eee ee ee ee eee . 027 1. 0-1. 25 
LET 1S TTB oS a Sa op ge Sl ee a ee ie bri . 264 0.1 
 _— Ge Weeks Bren Veo a ALS Se et 2405 |{ -9 
Paalis,.'. Doo. ite SOS ae oe Se een eee OFS cei: ee ee eee . 234 . 08 
PCa CM ear ree 8 2B) eh Ph SS eine See dae abe F1.061 g .019-0. 025 


a¥amulener and Lyons, Proc. Am. Pharm. Ass., Phila., 1902, L, 415. 
b Barger and Shaw, Chem. and Physiol. Assay of Digitalis Tinctures, Handbook of Pharmacy, 1904, 
41; Pharm. J. and Tr., 1904, LX XIII, 249. 
_ ¢¥Focke, Deutsch Aerzt. Zeit., 1904, VI, 292. 
_ @Reed and Vanderkleed, Am. t Pharm., Phila., 1908, LX XX, 110. 
’ eM. L. D.—=minimum lethal dose. 
& f Per cent. 
 gGram, 
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These figures certainly show a closer relationship than has been 
obtained by the previous workers. 

Since we have then no satisfactory chemical method of estimating 
the activity of digitalis preparations, attention has been directed 
toward the development of assay by physiological methods. Several 
have been employed in the past ten years and the results obtained by 
their aid have served to emphasize the necessity of some way of 
standardizing these drugs. In both this country and in Europe many 
writers have demonstrated by these physiological tests the great varia- 
bility of strength which exists not only in the galenical preparations 
of the drug but also in the so-called pure preparations themselves. 

Among these investigators may be mentioned Bennefeld, who in — 
1881 showed that for rabbits the lethal doses of eight digitalis tine-— 
tures varied about fourfold. 

Bihrer (1900) demonstrated on frogs that some of the fluid ex- 
tracts of digitalis were four times as strong as others. 

In 1902 Frankel showed that six infusions of digitalis varied from — 
100 to 275 per cent, and six tinctures from 100 to 400 per cent. | 

Siebert (1903) found in fifty experiments on digitalis leaves that 
the fatal doses per 100 gram frogs varied from 0.03 to 0.075 gram. 

Edmunds in 1907 showed that seventeen tinctures of digitalis pur- 
chased in the open market varied in strength as 1 to 4, while Gottlieb 
(1908) found the same ratio to exist in Heidelberg. Reed and Van-— 
derkleed (1908) found the toxic dose for guinea pigs of 240 grams 
weight varied in four tinctures from 0.6 to 1.25 ¢. e¢. | 

These variations in strength depend upon several factors, among 
which may be mentioned the source of the plant; for exarples Otts 
has pointed out that Bohemian leaves are more toxic than others. 
At the present time the English leaves are considered the best. The 
plants g growing wild are pnetonned to the cultivated variety, and those 
growing in sunny places to those in the shade, and those grown in 
dry seasons to those gathered in rainy. However, the most important 
factor in determining the activity of the leaves is the manner of drying 
and the mode of preservation, the influence of which has been espe- 
cially studied by Focke (p. 24). 

The experiments of Bennefeld and others to determine the relative 
activities of different members of the group were carried out along 
essentially the same lines and embody the same principles as are em- 
ployed to-day in the biological standardization of these drugs. It wa 
but a step from one to the other; the first writers determined the 
relative activity, while the later writers merely corrected these varis 
tions by such means as concentration or dilution of the preparations. 
To get then any comprehensive idea of the development of modern 
physiological standardization it is NOCeRsATyY to go further back than 


aQtt, Verhandl. d. Cong. f. innere Med;, Wiesb., 1901, 89, 
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the first paper strictly devoted to the standardization problem and 
examine the earlier methods in vogue. We have therefore given short 
abstracts from earlier writings of such articles as bear upon the sub- 
jects before considering it in the light of more recent works, not only 
‘digitalis being discussed, but some other drugs belonging to the same 
group, such as strophanthus, as the same methods apply to all the 
members of the series. 
In 1865 Fagge and Stevenson, in an address before the Royal 
Society, claimed that physiological tests would be of great medico- 
legal importance.¢ They had studied digitalin especially and said for 
this purpose frogs were better adapted than the higher animals, as the 
various organs could be examined, the animals exhibited no fear, and 
the drugs acted quickly upon them. 
In their paper published in 1866 they made a report upon the 
telative activity of several members of the digitalis group, among 
them being ‘‘antiar,” helleborus viridis, squills, digitalin, and the in- 
fusion of digitalis. The method employed was to weigh the frog, 
attach it to a piece of cork, and expose the heart, avoiding hemor- 
thage as far as possible. It was then injected beneath the skin of the 
phighs and flanks and the time noted at which systolic standstill of 
‘the ventricle occurred. The length of time between the injection of 
the drug and the stoppage of the heart determined the relative tox- 
‘icity of the different drugs. Fagge and Stevenson considered that the 
‘season of the year did not alter the reaction of the frogs to the drugs. 
_ Ten years later Koppe® published the results of his investigations 
; pon the relative toxicity of the active constituents of digitalis, digi- 
ES oxin, digitalin, and digitalein. His experiments were carried out 
pon frogs, cats, dogs, and rabbits. In his work on frogs he employed 
both Rana temporaria and R. esculenta and showed how much more 
‘susceptible the former were than the latter. His method was to ex- 
‘pose the heart in the usual manner and inject the drugs, noting the 
time when systolic standstill of the heart appeared. 
_ The dogs were either injected subcutaneously or the drug was ad- 
ministered by the mouth, changes in the rate of the heart and the 
‘strength of the beat being noticed, as well as the time when nausea 
‘and vomiting occurred. To cats the drug was administered both sub- 
‘cutaneously and by the mouth and the amount necessary to produce 
vomiting noted. Large doses produced alterations in the pulse rate. 
‘The drugs were given subcutaneously to rabbits and produced in them 
‘as the most prominent symptom a more or less complete paralysis 
associated with irregularity and slowing of the heart rate. 


Ai 


_ @C, Hilton Fagge and Thomas Stevenson, Application of physiological tests for 
‘certain organic poisons, and especially digitaline. Reprinted from Guy’s Hosp. 
Reports, 1866. 

b Koppe, Arch. f. exper. Path. u. Pharmakol., Leipz., 1875, III, 274. 
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Fr. Bennefeld¢ in 1881 undertook an investigation of the relatiy 
activity of tinctures of digitalis obtained from different parts of Ger 
many. He first tried to compare them by means of their speeifi 
eravities and the amount of the dried residue, but his results, con 
firming those of Schneider,’ showed that such examinations wer 
worthless. He then adopted the physiological method, employing 
rabbits as experimental animals. 

The tinctures were prepared for examination by evaporating 25 ce. 
and drying the resulting residue to constant weight over sulphuri 
acid. The residue was digested on a water bath for fifteen minute 
at a moderate temperature with 15 c. c. of distilled water, was then’ 
filtered as quickly as possible and brought to a volume of 20 c. @& 
Before injection it was heated to body temperature. 

The rabbits used were of the same age, weight, and resistance a 
far as possible. After inserting a cannula into a jugular vein, the 
modified tincture was injected at regular intervals in 0.5 ec. c. doses ! 
until the animal died or the 20 ¢. c. was exhausted. 

His results showed that the minimum lethal dose for the eight 
tinctures varied from 3.36 to 15.97 c. c. of the residue solution per 
kilogram, body weight, while the time of death varied from eleven ti 
fifty- ee minutes. 

Frankel ¢ adopted still another method to determine the compare 
tive activity of different preparations of digitalis. Dogs weighing 
between 10 and 18 kilograms were curarized and the drug injectec 
subcutaneously in doses not exceeding 10 c. c. His standard for 
comparison consisted in the amount which was necessary to proaaa 
the digitalis effect, viz, a decrease in the rate of the heart with a 
increase in the oka oe the single beats. He also registered the blooe 
pressure. 

He found marked differences between the various preparations 
the amount necessary to bring about the desired effects; which h 
thought might be partly due to individual variations in the dogs ar 
also possibly to the curara. The tincture was found to be very weal 
while the acetum was the stronger preparation, but the active amoun 
of both acetum and infusion were quite variable. 

Laborde and Duquesnel? examined two samples of digitalie 
(Nativelle) as to their chemical purity and physiological activity 
using for the latter purpose frogs and guinea pigs. 

The hearts of the frogs were exposed and the drugs injected 1 
5-milligram doses, the effects being noted. With one preparatic 


a¥r. Bennefeld, Uber Digitalis. Macisice: Comparativ- -expariimantalll Unte 
suchungen, Inaug. Dissert., Géttingen, 1881. | 

b von Schneider, Arch. d. Pharm., 1879, CCXV, 412. 

¢ Frankel, Charité-Ann., Berl., 1881, VI, 207. 

d Laborde and Duquesnel, Comp. rend. hebd. des Séances et Mém. de la Soe. ¢ 
Biol., 1884, XXXVI, 93. 
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he heart: stopped in systole in two minutes, while with the second 
ample it continued to beat for hours. The difference in physiological 
tivity was also shown by means of graphic records. 

The results obtained on the frogs were confirmed by the injection of 
) milligrams of each sample into two guinea pigs, the length of time 
ill death occurred serving as a means of comparison. 

Similar methods of comparison were also employed by Laborde4 
n his study of the purity and activity of the digitalines in use at the 
hospitals of Paris. 

_ Gley ® compared the toxicity of ouabaine and strophanthin by 
means of experiments upon several varieties of animals. Upon frogs 
he showed that with equal doses of the two drugs ouabaine would 
stop the heart in half the time that strophanthin would. He then 
sompared the toxic dose of the two drugs upon guinea pigs, dogs, and 
rabbits; in the latter case injecting the drugs into the vein of the ear, 
in the other cases using subcutaneous injection. 

Reusing ° carried out a series of experiments comparing the actions 
of strophanthin and digitalis upon the frog’s heart, employing two 
methods in his work. In the first he studied the effect directly upon 
the exposed heart, the pericardium not being opened. In the second 
method the Ludwig-Coat’s heart apparatus was employed, the per- 
usion fluid to which the drugs were added consisting of two parts of 

0.65 per cent NaCl solution with 1 part of defibrinated hog blood. 

Bardet ¢ undertook in the same year an examination of the relative 
activity of the various active principles of digitalis and employed the 
simplest method which is in use to-day to standardize these drugs, 
viz, that of determining the lethal dose for animals, using frogs and 
rabbits. 

An examination of a number of the so-called digitalines of com- 
merce was made by Fouquet,’ who ascertained the toxic dose of the 
different samples when they were injected hypodermically into frogs, 
rabbits, and dogs. In this way he studied the relative activity of 
crystallized and amorphous digitalin, digitoxin, and digitalein. 

In 1893 Prevost / examined a number of the preparations which 
had been included in the Swiss Pharmacopeeia III, among them being 
some members of the digitalis group. ~His experiments were carried 
out upon frogs (mainly R. temporaria), upon which he sought the 
minimal dose of the drug which would produce definite stoppage of 


@Laborde, Comp. rend. hebd. d. Séan. et Mém. de la Soc. de Biol., 1884, XXXVI, 
_ 6 Gley, Comp. rend. des Séances de I’ Acad. de Sci., 1888, CVI, 348. 
_¢ Reusing, Uber die Einwirkung des Strophanthin auf das Froschherz, Inaug. Dissert, 
Wiirzburg, 1889. 
@d Bardet, Bull. et Mém. Soc. de thérap., Par., 1889, 2d ser., XVI, 253. 
- € Fouquet, Bull. gén. de thérap., 1892, CX XII, 71. 
_ Ff Prevost, Rev. Méd. de la Suisse Rom., Genéve., 1893, XIII, 505. 
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the heart and death of the animal. He considered the frog as th 
most suitable animal upon which to test the relative activity of th 
members of this group as mammals vary considerably in their sus 
ceptibility to them. In his earlier experiments he did not weigh th 
animals, but later adopted this precaution, regarding the weight as” 
being a factor of some importance, but at the same time not consider 
ing that the action of the drug upon different frogs is in any absolute 
relation to their weights. The frogs he employed were an average 
size, being between 25 and 30 grams. He confirmed some of the. 
results obtained on frogs by experiments upon guinea pigs, the co: 
parative results being as follows: 


Toxic dose. 
; ; Fluid extract 
Animal used. Figidex- digitalis. 
tract con-|____ 
vallaria. 
No. 26.| No. 6 
Cc. c.c. | Calm 
R temporaria, average size: i: <!22) 5.0.2 2b en ae eee eee 0. 003 0. 02 0. 04 
Guinea'pig, per 100‘ grams... 2S... 322.2. gue LSoceee ees ce nee eee - 006 -O1 02 


It will be seen that the two digitalis preparations show exactly the 
same ratio on both animals. 

In 1895 Prevost * repeated his experiments upon these preparations — 
to see if they had deteriorated in the intervening time. In this case 
he used R. esculenta, realizing, however, that they did not offer the 
same susceptibility as R. temporaria. 

Mlle. M. Piotrowska ° studied the comparative toxicity of a num- | 
ber of the members of this group and the effect upon their toxicity of — 
the mode of administration, whether subcutaneously or by the mouth. 
For this purpose she used frogs (R. temporaria) almost exclusively, — 
determining the toxic dose and comparing them on a basis of 100 grams 
body weight. Some of her results she confirmed by determining the 
toxic dose for cats and rabbits, comparing them on the basis of kilo- 
grams of body weight. 

The examination of the plant dialysates was made the subject o 
investigations by several workers, one of the earliest being Jacquet. 
These dialysates were prepared by Golaz of Vevey, Switzerland, fron 
fresh plants and made of such strength that 1 part of dialysate corre 
sponded to 1 part of leaves. By using great care in the collection 0 
the leaves, gathering them in the same region during sunny weather 
using them fresh, and making the product up to a uniform volume 
it was believed that a definite dosage of digitalis was attained, a 


« Prevost, Rev. méd. de la Suisse Rom., Genéve., 1895, XV, 453. 
6M. Piotrowska, Inaug. Dissert., Geneva, 1896. 
¢A, Jacquet, Cor.-Bl. f. schweizer Aerzte, 1897, XX VII, 326, 
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30 many of the disturbing factors had been eliminated. It was 
maturally impossible to make allowances for the yearly variation 
vhich was known to take place, and therefore the argument for a 
iniform product based upon these facts alone falls to the ground. 
Jacquet, who pointed out in his paper these advantages of the 
dialysates, made a number of physiological tests on the dialysates 
of digitalis and Adonis vernalis. He employed frogs (R. esculeuta 
ind temporaria) with exposed hearts, injecting the drug into the 
lymph sacs and noting the length of time before death. He also 
studied their action upon the blood pressure and heart rate in rabbits 
and noted the toxic dose. 
By a comparison of the results obtained in this way with those 
he obtained under similar conditions using digitoxin and digitalium 
verum he estimated the dose of the dialysates which it would be 
proper to employ in man, it being possible to do this as the thera- 
peutic dose of the active principles for man was already known. 
_ It appears that Jacquet approached more nearly to physiological 
standardization than any of his predecessors, as he points out the 
advantage of the dialysates in affording an exact dosage, but it 
was not until his second paper,’ which appeared in December, 1898, 
that he seems really to have adopted physiological standardiaageeal 
As stated above, he believed that a uniform preparation had been 
obtained by eliminating so many factors which go to make the 
eat variations which are found in the ordinary galenical prepara- 
fions; but as he stated then, he was unable to avoid the yearly 
Variation in plants. This was evidently quite a large factor, as, 
Bnining the 1896 specimen, he was able to isolate 0.16 per cent 
of. the active constituent, while in the 1897 preparation there was 
mly 0.096 per cent. This variation he ascribed to the fact that 
the weather was unsettled at the time of gathering the leaves, and 
on that account the plants contained an unusually large amount of 
water. He therefore compared the two dialysates by diatlosied) 
methods and found the same relative differences, for while ten drops 
of the 1896 specimen produced systolic standstill in frogs, it took 
twenty drops of the 1897 preparation. Likewise, it took double the 
tt of the 1897 preparation to kill rabbits. 
- Recognizing at this time the yearly variation, which is apparently 
of a good deal of importance, he suggested that either a yearly 
change of dose would be necessary or an adjustment of the solution 
by evaporation or dilution as might be necessary, so as to give a 
uniform product. The latter course he thought preferable. This 
paper, in which he really adopted the physiological method of 
Standardization, was, however, preceded by one by Houghton 
hich appeared in America in October, 1898. 


aA. Jacquet, Cor.-Bl. f. schweizer Aerzte, 1898, XXVIII, 745, 
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No reference is directly made in Jacquet’s paper as to the eff 
of the weight of the frogs — the renHnG: except, in the protocc 
the size is noted as ‘“‘large’”’ or “‘medium,”’ a 

In his experiments upon "sabbits he used two methods. Ups 
most he measured the effect upon the blood pressure and heart ra 
when the drug was injected into the jugular vein and calculated al: 
the toxic dose per kilogram body weight. In other cases he injecte 
the drug subcutaneously. y 

It appears strange that, although so much work had been done o 
the comparison of the relative strengths of the different members ¢ 
the digitalis group, no practical application was made of the method 
developed until more than thirty years after Fagge and Stevenso: 
published their results. As pointed out, it was not until 1898 tha 
the application of these physiological tests was advised for the pro 
duction of uniform pharmaceutical preparations. In that yea 
Houghton ® published his method for the physiological assay o 
strophanthus, basing it upon the fact. that the killing power of the 
cardiac drugs for frogs of definite size and species, kept under prope 
conditions, is constant per gram of body weight. He had tried rak 
bits, guinea pigs, and rats, as well as frogs, but came back to th 
iter as being most RENT as he found too great variation in t 
blood pressure of dogs and rabbits under the action of digitalis t 
allow of this meer being of use. Any species of frogs may b 
employed, provided both the standard solution and the unknow 
preparation are tested upon the same species, for, while animals ¢ 
different species vary in their reaction, those belonging to the sam 
are much alike. Also frogs of any weight may be used, providin 
the proper allowance is made for the variation, but in testing a prey 
aration, it is best to use frogs of nearly uniform size, varying fro 
one another not more than 3 grams. The frogs to be employe 
should be freshly caught and carefully handled, being kept in w 
moss until they can be placed in suitable pools at the laboratory. 

The dose of the drug to be tested is calculated according to th 
weights of the frogs to i employed and made up with salt solutic 
so that it will measure about one-half cubic centimeter, and is the 
introduced into the abdominal lymph sac by means of a pipett 
The frogs are placed in separate jars and allowed to remain for twels 
hours, at the expiration of which time they are examined and no 
made as to the dead and living animals. By a preliminary test 
which the limits of dosage are quite wide some idea is formed as | 
the strength of the preparation and a second series of frogs is injectec 
still further narrowing the dose. When by this second group tl 
probable toxic dose is obtained, a new series of five frogs is injecte 
and if the dose is correct at least three frogs out of the five should ] 


2 Houghton, J. Am. M. Ass., Chicago, 1898, XX XI, 959. 
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illed. By a simple calculation the re:ative strengths of the un- 
mown and the standard preparation can then be obtained. 

An important contribution to the subject of biological assay was 
urnished by Carl Biithrer,“ who investigated the activity of some of 
the toxic fluid extracts, among them being digitalis and convallaria. 
He selected frogs and rabbits as experimental subjects. The frogs, 
either R. Reeulenta or temporaria, were chosen with great care and 
obtained fresh every two weeks, but he used only one species for one 
preparation and for digitalis cae R. temporaria. He seems to be the 
first to note any effect of sex upon the results and says he finally 
employed females exclusively. The effect of season upon the reac- 
3 of the frogs was corrected by repeating his experiments at various 
imes of the year. Bithrer seems not to have considered the size of 

e animal as being important, for while he weighed the frogs before 
ibe drug was injected, the weight was not used in caloulating the 
lose or judging the results. The method he used was as foltewa? 
The frog was stretched out on its back and then, with as little hemor- 
rhage and other injury as possible, its heart was exposed. The rate 
was counted at once and again after five minutes when the drug was 
injected into the thigh lymph sac and the animal put into a moist 
chamber and observed at intervals. The dose of the drug to be 
tested was prepared by diluting the fluid extract with ee 
amounts of salt solution and injecting one-half cubic centimeter, 
The end reaction or standard consisted in finding the smallest amount 
of drug which would cause systolic stoppage of the heart within 
bwenty-four hours. The comparative strengths of the different speci- 
mens were then reckoned as so many milligrams, according to the 
lilution of the drug, without paying any attention to the weight of 
the animal. By this method he found the specimens of 1897 varied in 
the ratio of 1 to 4, while the 1898 fluid extracts were weaker, but 
more uniform in strength. He though it was possible that this 
upparent weakness was due to a difference in the reaction of the frogs, 
as the 1898 specimens were examined one and one-half months after 
those of 1897, and he had found that even in from two to four weeks 
the animals might alter very considerably in their reaction to one and 
the same drug. This variation he thought was due to their winter 
fast, but in this case his supposition was proved incorrect by subse- 
juent examination made in December, 1899. 

Bihrer further continued his experiments, employing rabbits which 
were arranged for blood pressure estimations. The diluted drug was 
jected intravenously at intervals of from five to ten minutes, until 
she lethal dose was reached. By carrying out several experiments 


_ @ Biihrer, Untersuchungen tiber die Wirksamkeit einiger toxischer Fluid-Extrackte, 
[naug. Dissert., Basel, 1900. 
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an average lethal dose was obtained, which was based upon th 
toxic amount per kilogram body weight. | . 

The variations obtained on rabbits did not appear as great as witl 
the frogs, being only 200 instead of 400 per cent. He tabulates hi; 
results as follows: | | 


1897. 1898, 
Fluid extract digitalis. =oes ee 
Frogs. | Rabbits. | Frogs. | Rabbits, 


Ree Soo diatle bie wa eae s Bae eens Sock tes aameees oe ee ee ee Eee ee 17 400 33 5 
MGs ks See iinln oh ue Stale bk UI OT Sots See i 25 630 25 7 
DS iain Saidigh oa hie, 4p aaah & Uae Se ene eds See ene ee eee 33 770 25 7 
Dee Skt She da selene hase BOP en cae oprate Oe Eee ee eee a ee 67 800 |....-04.-1-50 eee 


The relation between the different preparations is not the same witl 
the frogs as it is with the rabbits, and Bihrer had expected this dis- 
crepancy, as he said the two animals are so entirely different. How- 
ever, fluid extract A is shown to be the strongest by both methods 

Frankel @ assayed Merck’s digitoxin and later took up different 
infusions of digitalis which he obtained in and around Heidelberg, 
His method was to ascertain the amount of drug which would pro- | 
duce systolic standstill of the frog’s heart in about an hour’s time, 
If the heart stopped in a shorter time than fifty minutes the dos¢ 
was lessened, while if it had not ceased to beat in one hour and ten 
minutes the dose was increased. The frogs (species not mentioned) 
were injected in a lymph sac, the amount of fluid being usually 1c. e, | 
except in some cases 2 or even 3 c. c. were employed. The animal 
were weighed and the toxic dose per 100 grams body weight caleu- 
lated by a simple ratio. 

His results showed that six infusions varied in toxic dose from 2.5 
to 6.9 c. c., a difference of 100 to 275 per cent. Six tinctures ex-= 
amined varied from 0.6 to 2.5 c.c., 100 to 400 per cent, and seve 
strophanthus tinctures varied from 0.015 to 1.0 ¢.c. Frankel thinks 
we are justified in transferring these results to the higher animals a 
Biihrer was able to show a parallelism between the action on rabbit 
and on frogs, while he himself with four digitalis preparations showe 
the same ratio to exist on cats as on frogs. (Bihrer’s table, as h 
himself pointed out, shows a certain parallelism, but by no means a 
exact one.) 

In 1902 Famulener and Lyons® undertook a study of the relativ 
strength of various preparations of digitalis and related drugs. ‘The 
employed frogs (species not mentioned), choosing those of abov 
40 grams weight and injecting the preparations to be tested 1 
the ventral lymph sac by means of finely pointed pipettes. Att tt 


ay rinkel, Therkp. d. Gegenw., Berlin u. Wien, 1902, XLITI, 106. 
b Famulener and Lyons, Proc. Am. Pharm. Ass., Phila., 1902, L, 415. 
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nd of an hour the heart of the animal was exposed and examined. 
If the heart was found completely paralyzed the dose was too large; 
if pulsation still continued the amount was too small. The correct 
“end reaction” adopted by the writers was ‘‘paralysis” of the apex 
‘of the ventricle, but at the base of the ventricle there should occa- 
sionally be a faint wave of contraction while the auricle, though 
much distended, would continue to pulsate regularly. When the 
correct dose was found the amount necessary to kill a frog of standard 
weight (40 grams) was calculated by a simple proportion. 

Famulener and Lyons found the reaction of the frogs very uniform, 
for not more than one or two out of a dozen healthy frogs showed a 
variation in susceptibility of as much as 10 per cent. To avoid this 
source of error, when they had determined the minimum dose in the 
manner indicated, they took a further series of three frogs, injecting 

‘into one the minimum dose, into a second a dose 10 per cent above 
the minimum, and into the third a dose 10 per cent below it. If 
any of this latter series showed irregularities further corrections 
were made. More uniform results were obtained by this method 
than could be obtained in the assay of such drugs as opium and nux 
yvomica by chemical means. The authors give a table showing the 
results of their examination into the activity of the pure principles 
of digitalis and related drugs as well as of the galenical preparations. 
A very important contribution in their paper is a comparative study 
of the digitoxin content of three preparations of digitalis fluid 
extract with their activity as determined by physiological methods. 
This was referred to earlier in our article (p. 9). 
Wolff* made a short report upon the biological dosage of digitalis 
preparations commenting upon the findings of Frankel and quoting 
Professors Kobert and Gottlieb upon the necessity for a government 
‘station for the standardization of digitalis preparations. He then 
‘describes the method adopted by Brunnengraber, of Rostock, to 
bring into the market uniform preparations of these drugs. -The. 
leaves are collected on sunny days from wild plants before they 
begin to flower, carefully sorted to free them from any foreign leaves, 
‘and are then dried quickly in a vacuum at a definite temperature. 
In this way the fermentation which the leaves usually undergo during 
‘slow drying is avoided. Tinctures prepared from leaves, dried in 
this way, were examined by Professor Kobert, who reported them 
free from harmful split products and high in content of active prin- 
ples. Strophanthus tinctures were also prepared from the fresh 
green seeds of S. Kombé which had not been freed from fat and 
‘these too were very active. An infusion made from 5 milligrams of 
digitalis leaves produced systolic standstill of the frog’s heart as did 
also 0.02 c. c. of the tincture of strophanthus. 


@ Wolff, Therap. d. Gegenw., Berlin u. Wien, 1902, XLIII, 423. 
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Ziegenbein® during 1901 and 1902 examined a number of spec 
mens of digitalis leaves obtained from different localities estimalil n 
the digitoxin content and conducting comparative experiments b: 
physiological methods. His results as given in the table on page $ 
show that no definite parallelism between the two can be found 
The toxicity of the digitoxin, which he was able to isolate by thi 
Keller or Keller-Fromme method, only accounted for about one 
third of the activity of the leaves from which it was obtained. Hi 
examined the toxicity of the extract which was left after shaking it 
out with chloroform to remove the digitoxin, and found that some 
principles which were insoluble in chloroform still remained and 
accounted for another one-third of the activity of the leaves, bu 
the remaining one-third could not be accounted for. He carried out 
some experiments to determine the effect of the fineness of the drug 
upon the toxicity of the infusion which when powdered gave 
higher value than did infusions made from leaves which were simply 
cut up. ‘The toxic dose for the former was found to be 0.048 gram 
while the latter required 0.064 gram to produce the same effect, and 
when finely powdered the leaves were most potent requiring only — 
0.03 gram, the difference probably being due to the greater surface | 
of the drug exposed to the solvent. The method he employed for 
the physiological estimations was that originated by Hans ane 
Arthur Meyer. In this method, freshly caught male frogs (R. tem- | 
poraria) were secured upon a board and the heart exposed in the 
usual manner. Definite amounts of the drug to be tested were ther 
injected into the thigh lymph sac and the smallest amount wat 
sought which would produce systolic standstill within two hours. The } 
minimum lethal doses thus found were calculated upon the basis of | 
100 grams frog weight in order to allow of comparisons. Frogs 
weighing about 25 grams were chosen for the experiments, bw 
Ziegenbein did not think that a few grams difference in weigh 
influences the results to any appreciable extent. He was also of the 
opinion that the season of the year makes very little difference in th 
susceptibility of frogs. 

In the following year Moschkowitsch? published a critical stud 
of the method of standardizing digitalis preparations by means 0 
their action on frogs. His experiments were carried out on Rf 
temporaria, which were fastened to a board and the sternum 
moved to permit of free observation of the heart, the pericardiur 
being left intact to prevent drying. The drug to be tested wa 
introduced into a lymph sac and its activity was measured by th 
time when it first produced an effect on the heart and by the tim 
necessary to cause systolic stoppage. 


« Ziegenbein, Arch. d. Pharmacie, 1902, CCXL, 454. Ber. d. Deut. Pharm. Gesells 
1002, X11, 335. 
6H. F. Moschkowitsch, Arch. d. Pharm., 1903, CCXLI, 358. 
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_ The author studied pure principles and also galenical prepara- 
tions, and the most important fact which he brought out and espe- 
pially emphasized in his work was the great variability in the reac- 
tion of frogs. The time of the first appearance of the action varied 
between two and six minutes, but a still greater variability was shown 
in the time of the appearance of systolic standstill. He said he 
was greatly discouraged by the great capriciousness in the reaction 
of the frogs, and the hope of an exact estimation by physiological 
methods received a mighty blow. 
While in the estimation of his dosage he did not usually take 
into consideration the weight of the animal, yet in discussing his 
results he had several opportunities to compare the action of the 
drug upon animals of the same size. In some of his tables this fac- 
tor seems to be important, while in others it would appear that it 
could be ignored; the hearts of frogs of the same size given the 
same dose stopping in widely different times, while those of differ- 
ent sizes stopped after like intervals when given the same sized 
dose. His conclusion upon this phase of the question was that it 
was best to take into consideration the weights of the frogs in mak- 
ing an assay. Upon the important question as to the effect of the 
Season upon the susceptibility of frogs he found that summer (July) 
progs possessed far greater resistance than winter frogs. 
_ He points out that his results do not confirm those of the earlier 
- orkers, but he thinks the individuality of the animal is an impor- 
:. Erion. According to this author, unless animals of about the 
a weight and of the same species can be obtained from a certain 
tel of the country at the same time of’ year greater reliance can 


e placed upon chemical analysis. At any rate, he concluded that it 

as only in a very general way that we could tell from physiological 
experiments as to eather a preparation was good or bad, and while 
the method was not necessarily useless it was defective. 
_ In the same year Brondgrest“ also conducted a series of experi- 
ments to compare the action of the dialysate of digitalis grandi- 
flora with digitalinum purum and the infusion of digitalis purpura. 
He employed for this purpose the frog’s heart in situ, using the sus- 
pension method combined with the Williams ee aa apparatus. 
He concluded that the dialysate of digitalis grandiflora acts the 
a as D. purpure and as digitalinum. 
- Among the numerous writers upon the subject of standardization 
no one has contributed more than Focke,’ who published several 
articles between- 1902 eae 1906. His siethed has undergone one or 
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two important modifications since it was originally published, br 
otherwise it is essentially the same. He employs frogs (Rana tem 
poraria) which are collected not earlier than the end of June. The: 
are kept in a cellar in a box the bottom of which is covered witl 
water, the latter being changed at least daily. The frogs shouk 
not be used before the ‘third day of captivity and should be brough 
to the examining room six hours before they are needed, being place 
in jars at a temperature not over 17° C. The examinations should b 
carried out in July, August, and September, during which month 
the susceptibility of the frogs does not differ greatly, and also during 
this time no distinction need be made with reference to sex. Animal 
weighing between 25 and 30 grams are selected and fastened to ¢ 
board in the usual manner, sad the heart is exposed without allowing 
bleeding or other injury ‘(pithing is not permitted at this time), 
After opening the pericardium a slight pressure upon the abdomei 
will cause the heart to protrude from the opening, where it will remair 
in plain view. A measured quantity of the infusion to be tested is 
now injected into the two leg lymph sacs, about 0.3 ¢. c. into each or 
0.6 ¢.¢.in all. Both lymph sacs are used so that the distended skin 
will not force the drug out of the opening by pressing upon a large | 
bulk of fluid. Systolic standstill of the heart is now watched for anc 
it should appear in ten or fifteen minutes. When this is observed 
and the time noted, the frog is pithed and weighed. 

Two more frogs are now selected of about the same weight, and the 
dose to be injected is determined by the effect of the primary dose 
If the heart, in the first frog, stopped in less than ten minutes, : 
relatively smaller dose is used, while if. it did not stop in twenty 
minutes a larger dose should be employed. A sufficient number of 
frogs should be used so that four are found in which the hearts have 
stopped between seven and twenty minutes. The toxic value (V 
of the drug is then determined in relation to the size of the frog a f 
divided by ‘the dose of the drug given (d) multiplied by the time it tak 
for the heart tocome to a systolic standstill (4) : (V) = iy The “na 
having been determined for each trial, are averaged and the amour 
foand is considered as representing the value of the preparation 0 s 
digitalis which has been tested. Focke considers that a good spec 
men of leaves should give a standard value of 5. He original ? 
accepted all readings between ten and twenty-five minutes, but th 
method was modified later to time limits of seven to twenty minutes, as 
he found the results were much more uniform. If the heart stops if 
shorter time than seven minutes, the differences in the values foun 
are greater, or if over twenty minutes, he found the readings w 
much more variable, and the ‘Vs’? obtained were very small. Fe 
this reason he dislikes Ziegenbein’s and Frankel’s methods, the forme 
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aking the least amount which will stop the heart which will usually 
ecur anywhere between thirty-five and one hundred minutes (Zie- 
genbein says within two hours), while the latter takes as his end 
eaction the stoppage in from fifty to seventy minutes. Focke, 
herefore, prefers his method because it is more convenient, taking 
less time and because it is more exact, showing according to him only 
per cent of error. 
_ After Focke developed this method he considered a number of 
actors which influence the results of standardization and the varia- 
bility of digitalis preparations. In order to determine the effect of 
season upon the frog’s susceptibility, he examined leaves which had 
been very carefully dried and which would retain the same value at 
the various times of the year. He found that in the spring they 
gave an average value of 2.66; from the end of June to October, 4.36; 
and in October, 5. At this time he considered these variations due 
to differences in the nutrition of the frogs, but later researches @ 
seemed to indicate that the temperature factor might also play 
some part in changing the V obtained. 
_ Thus frogs operated on at a temperature of 17.5° to 18.5° in De- 
cember showed a V of 5.5. At the same temperature the same drug 
had a V of only 4.7 the last of February, but at 19° to 21° gave 
nearly the original value. In June, to obtain this value, it was nec- 
essary to increase the temperature to from 22° to 23°, at 18.5°, the 
original December temperature, the value being only 3.8. At the 
same temperatures there seemed to be no difference in the reaction 
of frogs which had been captured recently and those kept in captivity 
for several months. 

Physiological standardization may be carried out according to 
Focke, therefore, at any time during the year, but it is first: neces- 
sary to standardize the animal against digitalis leaves of known 
value by regulating the temperature and then by cooling or heating 
the operating room to carry out the assay at the temperature found 
to show the standard value as arbitrarily adopted. 

It has been recognized that wild plants are more toxic than cul- 
tivated, and in confirmation of this view Focke found the former to 
give a V of from 5 to 6, while the latter gave as Vs 2.6 and 3. The 
yearly variation in plants from the same district he found to be 
quite marked, the weakest giving a value of 4.3, while the strongest 
had a V of 8.5. It has been universally recognized also that the 
second-year plants just before flowering are more active than the 
first year. In agreement with this view Focke found that the second- 
year leaves collected in June have a toxic value 15 to 20 per cent 
higher than first-year leaves collected from plants grown in the 
same locality. Plants flowering in July seed in August, and at this 


a Focke, Arch. d. Pharm., 1907, CCX LV, 646. 
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time the leaves show the effect by a lessened toxicity, the relatior 
being reversed, as at this time the first-year leaves are stronger. 
The effect of daylight was found to be very slight, even if the leaves — 
were exposed to its influence for a year. As to the effect of the 
aging of the leaves he found that if they were collected and dried in 
the air in the ordinary way and preserved in nonair tight- flasks 
they will lose a large part of their activity. 

The greatest factor in this deterioration Focke considers to be the 
moisture content, and the changes which the leaves undergo during 
the first few months after their collection are largely due to this, as — 
in the presence of moisture certain ferments present in the leaves 
are able to destroy some of the active constituents. To avoid this, 
he heats the leaves rapidly and strongly at a temperature not over 
100° C., and when they are dried so as to contain only about 14 per 
cent moisture they are preserved in lots of 50 grams in dark, air- 
tight jars. He found that if dried and preserved in this manner 
they lost only 5 per cent in V ina year. The last 1 per cent of mois- — 
ture left in the leaves seemed to be bound in some manner, so that — 
it was not active.* To show the importance of the moisture content — 
factor, Focke believed that only about-one-fifth of the differences in — 
strength were due to all the other factors. ) 

To avoid the variation due to the different localities, the leaves: 
from all the different sources should be powdered after cre and — 
mixed, so as to give a uniform product. | 

Bar > reports the efforts of himself and Ziegenbein to determine 
a method by which digitalis and strophanthus preparations could be | 
standardized biologically. The method adopted by them was the | 
one developed by Arthur and Hans Meyer, which has been describec 
earlier in the discussion of Ziegenbein’s work. 

In fifty experiments with digitalis leaves the most active preparation — 
showed a toxicity of 0.03 gram for 100 grams frog weight, while the — 
weakest required 0.075 gram to produce death. They, therefore, 
adopted as a standard strength for digitalis leaves 0.04 pram for 100 
grams frogs. 

The variation in strophanthus preparations was as follows: Weakest 
0.06, strongest 0.008 c.c. for 100 grams frogs. The standard they 
adopted was 0.02 c.c. 

An important chapter on the subject relating to the comparative 
study of the chemical and biological methods of assay of digitalig 


4 In this connection it is interesting to note that in 1867 Tourdes (Gaz. med. de 
Strasb., 1867, X XVII, 191) pointed out that the reason the digitalis preparations 
obtained in Strassburg were superior to those used elsewhere was because the leaves 
of the second year’s growth were employed after having been selected carefully and 
dried first in the shade, and then in an oven at a temperature not over 40° ©. The 
leaves were then preserved in tin or glass vessels away from the light and moisture. 

6 Siebert, Berl. klin. Wchnschr., 1903, XL, 813. | 


25 


was contributed by Barger and Shaw“ in 1904. Their investigations 
were carried out upon tinctures of digitalis prepared according to 
he British Pharmacopaia and obtained from various commercial 
sources. lor the estimation of the digitoxin content they used 
Keller’s method with slight modifications. For the biological experi- 
ments male frogs (Rana temporaria), weighing between 20 and 35 
grams, were used almost exclusively, but comparative experiments 
ere limited to those of nearly the same weight. The experiments 
were carried out in the early summer. 

The tinctures were modified by evaporating a known amount over 
a hot-water bath and suspending the residue in hot water. The 
digitoxin employed in some of these experiments was dissolved in 
alcohol and later diluted with water so as to give it an alcoholic 
strength of 10 per cent, the digitoxin being injected in suspension. 
Tn all cases the drugs were injected into the dorsal lymph sac, the 
volume for decisive experiments being 1 c.c. The animals after injec- 
a were kept in a moist atmosphere and the time noted when the 
heart stopped, which always occurred within three hours, if at all. 

_ After an estimation by chemical means of the digitoxin content in 
nine tinctures, they estimated the toxic value of the same tincture 
by the biological method described. The results obtained by the 
latter method show less variation between the tinctures than is 
usually found, as the strongest was only one and one-half times as 
toxic as the ae esst. 

. T hey show that, on account of the slight toxic strength of digitalin 
and digitalein, a supposition exists that the toxicity of a tincture runs 
parallel to the digitoxin content (by Keller’s method), but this is not 
correct, as they found that the ratio of toxicity of tinctures to the 
exicity of the digitoxin content in them was as 1 to 3.5, 5, 3.7, 
5.5, 6.9, 4.1, 4.1, 5, and 4.2. 

The writers then estimated physiologically the toxicity of the 
water soluble active constituents, and this, added to the toxicity of 
the digitoxin, was compared to the total toxicity of the tincture. 
The results show that about 50 per cent of the tincture toxicity was 
still unaccounted for even when both water-soluble and insoluble 
constituents were considered. 

In order to find the cause of this discrepancy they prepared a tinc- 
ture from chaff and hay and added to this 0.04 per cent crystallized 
digitoxin. By biological methods 0.0375 per cent was demonstrated, 
while by Keller’s method only 0.01 per cent was found. The cause of 
the difficulty was shown by further experiments to depend upon the 
fact that much of the digitoxin adheres to the resin which sepa- 
tates out when the alcohol is evaporated off from the tincture, this 
being lost in the chemical method of estimation, but appearing in the 
physiological. 


t 
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According to their results it appeared that 1 gram of the tincture 
would kill a 59-gram frog, but the water soluble active constituents 
would -only kill a 15-gram frog. The 44 grams difference in frog” 
weight therefore ought to be killed by the insoluble portion or digi-— 
~ toxin. The toxic value for the digitoxin for only a 17-gram frog hac 
been demonstrated by the Keller method, however, leaving 27 grams 
of the toxicity of the digitoxin of the original tincture still unac- 
counted for and which probably remains in the resinous portion when 
Keller’s method of determination is used. In other words, only 
about one-third to one-half of the digitoxin present is isolated by this 
method, and the authors conclude, therefore, that the only reliable 
method for the assay of digitalis tinctures is the physiological one. 

Freund® studied the action of abyssinin and compared it with 
drugs of the digitalis groups, notably, digitalin, digitalem, digalen, 
the dialysate of digitalis, and strophanthin. 

For the purposes of his investigation he used frogs and rabbits. — 
With the former the heart was laid bare and attached to a suspension 
writing lever, thus obtaining tracings showing the progressive action 
of the drug. In some animals a solution of the drug was dropped | 
directly on the heart, while in others it was injected into a lymph sac. 
In the case of rabbits Freund used the blood pressure changes as a 
method for comparing the relative action of the drugs. 

In his study of the different heart drugs, Kakowski® examined a | 
number of digitalis preparations, among them being the infusion and 
the tincture. He employed the isolated hearts of frogs (R. tempo- 
taria), rabbits, cats, and dogs and showed that the infusion acted more 
strongly upon some of the animals than the tincture. 

Still another modification of the use of a frog’s heart in estimating 
the ac tivity of members of the digitalis group was adopted by San- 
tesson © in his examination of the strength of different varieties of 
strophanthus seeds. In this method the drug was injected into ¢ 
lymph sac of Rana temporaria. The animal was not tied down, but 
was held on its back in such a way that the contractions of the heart 
could be observed through the skin. In case it was necessary, a glass 
rod was passed into the esophagus so as to press the heart forwall 
to facilitate the determination of its rate. Finally, to allow of exac 
timing of the appearance of the systolic standstill, the chest was 
opened and the organ observed directly. The standard dose employec 
by Santesson was that amount of the drug which would produce 
systolic standstill of the heart in thirty minutes, the dose beir 
reckoned upon the basis of a 50-gram frog. Santesson’s custom wat 
to give a large dose at first, one that would be sure to kill, and o 


a Vre mand. Zeitschr. Ei: (xp. Path. u. T ithe 1905, I, 557. 
b Kakowski, Arch. Internat. de Pharmacod. Gand et Par., 1905, XV, 21. 
¢Santesson, Skandi. Arch. f. Phys., 1905, X VII, 389. 
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subsequent injections to diminish the amount until that dose was 
reached which would stop the heart in the required time. He points 
out that the biological standardization is not easy on account of the 
‘egularity of the reaction of frogs. To avoid this as much as possi- 


species, body weight, temperature, condition of health, and, finally, 
a factor which can not be reckoned upon, viz, individual idiosyn- 
crasy. The frogs employed by Santesson were captured in the 
autumn and kept in a cool place until they were used, in November 
and December. Males of about 50 grams weight were selected and 
kept in the examining room at least one hour before they were used. 
With these precautions Santesson showed that tinctures prepared 
from different varieties of strophanthus seeds varied in strength in 
the ratio of 1 to 4. 

A second method of comparison was to perfuse the frog’s heart, 
using William’s apparatus, comparing the effect of the different drugs 
upon the pulse frequency, circulation rapidity (number of drops per- 
fused per minute), and the pulse volume. 

The results obtained by the two methods furnish a very interest- 
ing comparison. 


| Lethal dose Lethal dose, 
Preparation. for intact isolated 
frog. heart. 
a ok ge SS aS oe en 0. 063 0. 047 
Et a eo ee Saco te is eee e cde seed tes eeewee 10 . 123 
PIER IAS B86 5 2 5S: 6s) PEGE oo es bee Seb See Sa legac soak 22 25 
EP ee aa Sa 3 ano sic wi geese esse wd Paleo eee ce sees ese bergen ese 10 | . 046 
I ee ee ee ee 064 | . 027 
se coe sun bh ete 56 ee na - Se eee C51 | . 0925 


_ Santesson calls attention to the fact that a certain parallelism 
exists in the results obtained by the two methods, but it is certainly 
very slight. He explains the lack of closer agreement as being due to 
the fact that the poison would not be so uniformly distributed in the 
fluids of the intact animal as in a fluid used to perfuse an isolated 
meart. — 

Dixon,“ in a paper on the biochemical standardization of drugs, 
| Beiders the frog as the most suitable animal for digitalis standardi- 
zation. In employing them the time of year shoatd be taken into 

onsideration, as they are most active and vigorous in the summer and 
c ast active in the spring, but their sensitiveness to digitalis will not 
vary over 50 per cent during the year. Those selected should be 
ales of about 25 grams weight and free from abnormal conditions. 
e tincture, diluted with an equal amount of water, is injected into 
the dorsal lymph sac and 6 minims of this diluted tincture should 


@ Dixon, Pharm. J. and Tr., London, 1905, p. 155; Manual of Pharmacology, 
1906, p. 34. 
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produce systolic stoppage of the heart in one hour. Dixon proposes 
this as a standard ‘‘unit,” and if a certain tincture does not co 
spond to this strength the pharmacist should make the necessary 
calculations, so as to give the patient a uniform product. The writer 
thinks the ee He proposed above may be accurately controlled by 
experiments upon rabbits. 
In his Manual of Pharmacology (1906, p. 34), after discussing the 
frog method, Dixon says: “‘These drugs can be standardized more 
accurately by perfusing the isolated rabbit’s heart with Ringer's 
solution and subsequently adding the drug.’ However, Sowton’s— 
results, referred to later, hardly confirm this statement. 
Haynes “ sought to determine the relative activity upon the heart 
of the three important members of the digitalis group—digitalis, 
strophanthus, and squills—using tinctures which he prepared very 
carefully according to the British Pharmacopeia. He standardized : 
these by determining the smallest dose of each which, when injected 
into the dorsal ea sac of a frog, would cause oan stoppage 0 | 
the heart. He also carried out poniannateas tests upon rabbits vy ith e | 
these preparations, injecting the drugs invariably into the stoma ch 
and watching for changes in the blood pressure as well as for the tox 
effects upon he heart. In addition he studied their relative streng t h 
upon the excised hearts of rabbits, employing a modification of the 
Langendorff method and compared especially the effect upon the rate 
and the quality of the heart beat. ; 
In respect to the suggestion that, on account of the variation in the 
strengths of galenical preparations of this series, the active principles 
Bauia be substituted for them in general practice, Haynes says that 
in their isolation much of their potency is lost and that they req 
standardization even more than the galenicals. a 
The Pharmacopceia of Norway (1870) directed that official prepara: 
tions of digitalis should be made from the plant growing wild in— 
Norway. Wang? undertook to determine whether the plants grow- 
ing in that country offered any advantage as regards strength ove 
those growing elsewhere. 
He used frogs (Rana temporaria) and adopted Focke’s method 0 0 
assay described earlier. His experiments were carried out in Stras 
burg in October, 1905. The frogs were kept in a cool cellar, and th 
evening before they were needed they were placed in a cool room, 
being brought to ordinary room temperature two or three hours befor 
they were used. The animals were injected with the 10 per cen 
infusion through the lateral lymph sacs into the two thigh lymp 
sacs. In this manner any escape of the drug was avoided when tl 
chest was open. The heart was exposed as soon as the animal W 


4 Waynes, Bio-Chem. Jour., 1906, I, 63. 
b Wang, Festschr. f. Olof Hamumaaebent 1906. 
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injected and the time noted when systolic standstill appeared. Wang, 
in common with some other workers, found it hard to decide at just 
what time this end reaction occurred, and he therefore used the stop- 
page of the circulation as an end reaction. His results, using Focke’s 
formula to give the toxic worth of the leaves, are very variable. In 
some of the tables, especially Table I, in which, in sixteen estima- 
tions of one preparation, he obtained values between 3.6 and 8.8, with 
an average of 5.2. The other tables are not nearly so irregular in 
their results, since in these he calculated his dose according to the body 
weight of the animal employed. Table III, for instance, only shows 
shight variations from 4.7 to 5.7, with an average worth for the 
specimen of 5.3. 

* Léwy * carried out experiments with infusions of digitalis to deter- 
rhine the effect of hydrochloric acid and pepsin, in the per cents in 
ich they occur in the stomach, upon their action. He used 20-gram 
fogs (Rena temporaria), exposing the heart and after injecting 1 c. c. 
of the solution to be tested, noted the time of the i ao of 
ystolic standstill. 

Kochman? showed that five infusions of digitalis made from leaves 
Bbtained from different sources possessed different actions upon the 
blood pressure of dogs, only two of them producing the true digitalis 
effect of increased blood pressure and lessened pulse rate. 

_ In a research to determine the uniformity of the preparations of 
digitalis and strophanthus which were upon the market Edmunds¢ 
examined seventeen preparations of the tinctures of digitalis and six 
of strophanthus. Although many of these were said to be physio- 
logically standardized fee showed great variation, two preparations 
(standardized) from one manufacturer having toxicities in the Tatio 
of 1 to 2. Four nonstandardized preparations from one manufac- 
turer varied as 1 to 4. 

- The method employed to standardize the drugs was the same as 
has been used in the pharmacological laboratory of the University of 
Michigan for a number of years and is essentially the same as that 
employed by Famulener and Lyons,? the only difference being that as 
an end reaction complete systolic stoppage of the heart is used, not 
only of the ventricle, as in the Famulener and Lyons method, but also 
of the auricles. 

In his comparison of various tinctures of strophanthus which were 
on the market Hatcher¢é adopted Frankel’s method of examination; 
that is, the amount necessary to produce systolic standstill of the 
frog’s heart in about one hour, comparing the doses when calculated 


<< 


a Lowy, Wien klin. Wchnschr., 1906, XIX, 1157. 

b Kochman, Bull. Soc. de Med. de Gand., 1906, LX XIII, 95. 
¢ Edmunds, J. A. M. A., 1907, XLVIII, 1744. 

@ Famulener and Lyons, Proc. Am. Pharm. Ass., 1902, L, 415. 
éHatcher, J. A. M. A., 1907, XLVIII, 1177. 
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on the basis of 100 grams frog’s weight. He also compared the 
action upon cats and dogs, these reacting by vomiting. He suggeste 
on account of the regularity of the appearance of this sympto1 
that it might be thought of as an index of the potency of the dru 
but because of the variability of the reaction of the vomiting cente 
he ‘‘considered it better to determine the amount necessary to pr 
duce systolic standstill which is, of course, promptly followed 
death.” | 
In his article “‘Ueber die physiologische Wertbestimmung voi 
Arzneimitteln” Gottlieb?, after discussing the work of Frankel, Zei 
genbein, and Bihrer upon physiological standardization, mention 
the results of his investigation upon the uniformity of digitalis leave 
used in the clinics around Heidelberg, showing that they varied a 
much as fourfold. He calls attention to the necessity of a govern 
ment institution where such preparations can be examined, a fact te 
which attention has been called by several earlier writers. 
In order to obtain a convenient method of designating the strengtl tl 
of preparations he suggests the adoption of a standgee ‘unit,” using | 
the term in the same way as it is used in connection with sera work. — 
For such a unit he has adopted the following: ‘‘The smallest amount 
of the solution which will call forth systolic standstill of the heart of a 
R. temporaria of 30 grams weight in thirty minutes exactly.” In ¢ 
infusion freshly prepared ar 1 gram of good digitalis leaf powdal 
there must be 30 to 40 units; the strongest leavesmay contain 120 units 
He further points out that such a comparison on the frog’s heart i 
only possible when made with similar active constituents, such as we - 
have in the leaves, infusion, and tincture of digitalis, but could not— 
hold good with dissimilar constituents as, for instance, a comparison — 
of strophanthus with digitalis. A further fact which he calls atten 
tion to is that, in the methods usually employed in which the heart i 
to be brought to a systolic standstill in a certain short time, a strong 
solution of a substance, absorbed with difficulty, would appear weake 
than a weak solution of easily absorbable substances. 
Sowton’ undertook to examine the activity of twenty-six speci 
mens of the tincture of digitalis by means of perfusing the hearts ¢ 
rabbits. He chose animals weighing 3 or 4 pounds each, and, usin 
the coronary vessels, perfused the right ventricle with a solution of dig 
italis of a strength of 1 to 200 made up in Locke’s or Ringer’s solutior 
From his results he grouped the preparations into two classes, “‘strong’ 
and ‘‘weak,” but later found that such a classification was impossible, 
as five of his specimens upon which seventeen experiments had beet 
carried out were placed some in one group and some in the other, an 
yet they were probably alike, having been made in exactly the sam 


aGottlieb, Miinchen. med. Wchnschr., 1908, LV, 1265. 
/Sowton, Brit. M. J., London, 1908, No. 2458, 310. 
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nanner from the same lot of leaves. The results indicated the prac- 
ical worthlessness of the method, as rabbits’ hearts evidently exhibit 
marked variations. 

— Lutzkaja® published a critical study of the Focke method of 
standardization which he thinks is preferable to the one-hour method 
which, according to his views, is too inexact. He carried out the 
experiments according to Focke’s directions with the exception that 
he used September and October frogs. 

In his first experiments, with 0.5 milligram doses of digitoxin 
injected into frogs of different weights, he obtained toxic values 
showing as great variations as from 1.9 to 8.3 with an average of 4.5. 
For his second experiments he estimated the doses so as to stop the 
heart in about ten minutes, and by this means the results were much 
more uniform, differing only 80 per cent. Ina third experiment his 
results varied still less, only 65 per cent. His conclusion is that, in 
spite of some irritating individual variation, if a sufficient number 
of experiments are carried out useful results may be obtained. He 
urges as an objection to the ‘‘short-time methods” that they might 
not give sufficient time for all the poison to be absorbed and by this 
means a very active preparation, absorbed with difficulty, would 
appear weaker than a weak preparation containing easily absorbable 
onstituents. 

_ His results show that digitoxin and digitalinum verum do not give 
the same ratio on frogs as their relative doses appear to indicate that 
they possess in man; in some preparations of digitalis he suggests 
here might be a great deal of digitoxin, but in others not as much, 
and while they might show the same effect on frogs they would not 
on man. He therefore thinks such a condition would render the 
standardization of the leaves on frogs of little value. 

_ Practically every worker upon this subject has employed the frog 
in some way or other as a means of standardizing the preparations 
of the drugs under consideration and the results obtained upon this 
animal have been confirmed in some cases by control experiments 
‘carried out, usually upon the blood pressure, upon the higher animals. 
However, in 1908 Reed and Vanderkleed?® introduced a fiethad. using 
guinea pigs, as they object to the frog because the reaction ¥ thie 
animal is very irregular, being affected by the season of the year, 
the species, etc. They also point out that the action upon the heart 
is a toxic effect, a determination of the lethal dose, and therefore 
they substitute oe the toxic dose in frogs the toxic dose in guinea 
| rigs. To make the assay they prepare diet tinctures by evapora- 
ting off the alcohol and diluting the residue with water. Progress- 
ively i mncreasing Gores are then Saisoued subcutaneously into guinea 


Pach aia. aes internat. ‘tae eT Gand et ay 1908, XV III, 7 17. 
b Reed and Vanderkleed, Am. J. of Pharm., 1908, LX X, 110. 
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pigs of 240 grams weight until the amount is found which will kill 
the animal in one and one-half to two hours. Their standard dose 
then, which they confirm by injecting like amounts into five or six ~ 
animals, is that amount which would kill a guinea pig of 240 grams _ 
weight in one and one-half to two hours. They carried out a series — 
of experiments to compare the digitoxin content of tinctures with 
the physiological activity. These results are tabulated on page 9. 


. 


EXPERIMENTAL WORK. 


As will be seen from a study of the literature that has been given _ 
there are essentially three methods used for the biological assay of the 
members of the digitalis series, the others being merely modifications 
departing more or less widely from what we may consider the primary 
groups. These may be classified as follows: A toxic method, in which 
frogs, guinea pigs, or some of the higher animals are used; second, a _ 
method using the frog’s heart, which is perfused in some cases while in- 
others it is simply exposed and systolic standstill is watched for (this: 
in Focke’s method is reached in from seven to twenty minutes, while in 
others a longer interval of one or two hours is allowed); the third class — 
includes those methods which aim at a comparison by means of the 
relative effects upon the blood pressures of some of the higher animals, 

One of the objects of the present study has been to examine into 
the results of these various methods to find if possible if one possessed — 
a marked advantage over the others, and, most important of all, to 
see whether the different methods would give anything approaching 
uniform results in a comparative study of a number of digitalis prep- 
arations, some of which have been made according to the pharma- | 
copeial requirements, while others had been manufactured according — 
to some special method devised by individual pharmaceutical houses. — 
A study of these preparations constitutes an important part of the — 
work, but was not the primary object of the research. 

With these objects in view we have examined nine preparations of — 
digitalis, namely: Fluid extracts prepared according to the U.S. Phat 
macopeeia, VIII, by Messrs. Parke, Davis & Co., Detroit; Sharpe & 
Dohme, Baltimore; Nelson, Baker & Co., Detroit; Hance Brothers 
& White, Philadelphia. In addition to these we examined severa: 
proprietary preparations as follows: Three specimens of Digitalone. 
prepared by Parke, Davis & Co.; a fat-free tincture of digitalis 
(Digitol), prepared by H. K. Mulford & Co., Philadelphia; Digitalis, 
Specific Medicine, manufactured by Lloyd Brothers, Cincinnati; a 
Concentrated Tincture of Digitalis (1 to 4), prepared by Burroughs 
Wellcome & Co., London, and finally a purified ‘‘ Normal Tincture,” 
prepared by William S. Merrell & Co., Cincinnati. 

Digitalone is said to be a ‘nonalcoholic permanent solution 0 
digitalis’’ corresponding in strength to the U. S. Pharmacoparia tine 
ture and physiologically standardized, The manufacturers state thé 
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igitol is a preparation of tincture strength made from digitalis leaves 
from which the fixed and volatile oils have been removed. It is 
“assayed, tested physiologically,” and is standardized to contain 
.025 gram digitoxin in 100¢.¢. Digitalis (Specific Medicine) is made 
om fresh digitalis leaves, and is of such a strength that 480 grains 
of the drug are contained in each fluid ounce of ‘‘80 per cent absolute 
alcohol.” Concentrated Tincture of Digitalis (1 to 4) is said to be 
physiologically standardized and is of such a strength that 1 ¢. e¢. 
added to 4 c. c. dilute alcohol makes a preparation corresponding in 
strength to the U. S. Pharmacopeia tincture. Purified Normal 
Tincture’is said to be a standardized neutral tincture of prime digi- 
alis freed from irritating fats and oils. 

It was desired for the sake of comparison that all experiments with 
these various preparations be carried out upon the basis of the official 
tincture strength. No difficulty was experienced in doing this except 
with Merrell’s Normal Tincture, the name of which might suggest 
that it was a 10 per cent preparation, but for reasons to be considered 
later, the dose prescribed, etc., it was considered to correspond to a 
fluid-extract strength. Accordingly a measured quantity of each 
preparation (excepting Digitol and Digitalone) was taken and after 
evaporating off the alcohol over a water bath it was diluted to ten 
times the original volume with physiological salt solution. Digitol 
was evaporated to free it from the contained alcohol and then diluted 
to the original volume only. Digitalone, being nonalcoholic, was not 
evaporated excepting in some experiments hea it was aiacene ee 
in order to avoid such a large bulk of fluid as the doses given required, 
Tn all cases resinous bodies, precipitated by the evaporation of the 
alcohol and the addition of thts salt solution, were injected in suspen- 
sion to insure the introduction of any active bodies which might be 
carried down by their precipitation. 

_ For the sake of uniformity the following abbreviations have been 
adopted to designate the above prepar ations in all of the tables which 
follow: 

Digitol, bottle No. 1 =Mulford No. 1. 

Digitol, bottle No. 2=Mulford No. 2. 

Normal Tincture Digitalis = Merrell. 

Concentrated Tincture Digitalis =B., W. and Co. 

Specific Medicines, Digitalis =Lloyd Bros. 

Nelson Baker and Co., Fluid Extract Digitalis =N., B. and Co. 

Sharpe and Dohme, Fluid Extract Digitalis=S. and D. 

_ Hance Bros. and White, Fluid Extract Digitalis=H. B. and W. 

_ Parke, Davis and Co., Fluid Extract Digitalis=P., D. and Co. 


‘ Parke, Davis and Co., Digitalone bottle No. 1 =Digitalone No. 1. 
_ Parke, Davis and Co., Digitalone bottle No. 2=Digitalone No. 2. 
_ Parke, Davis and Co., Digitalone bottle No. 3 =Digitalone No. 3. 
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MINIMUM LETHAL DOSE METHOD OF ASSAY. 


The method adopted for examination and the animals employe 
by us as illustrating the toxic methods of assay were as follows: 

Mice.—White mice, kept under the same conditions and varying i 
weight from 15 to 25 grams, were used. The drug was injected hypo 
dermically beneath the skin of the back, the dose being calculated a 
so many milligrams per gram of body weight and so diluted that 
dose of 1 ¢. c. was not exceeded in any case. The mice were the: 
watched and the death or survival of the animal noted. The data 
thus obtained (as were the results in all subsequent series of experi 
ments) were confirmed by injecting a second series of mice severa 
days later. The results of these tests are given in Table I. 


TABLE I.—Determination of the minimum lethal dose per gram body weight for whit 
mice; subcutaneous injection. 


[Survived = —; dead = +.] 


MULFORD NO. 1. 


LLOYD BROS. 


Number of animals used.¢ Dose. | Results. Number of animals used.@ Dose. | Results. 
' 
mgm. mgm. 
fete doshas ase eeoeeeebecer 2 = Diaconcd casas ey oe = 18 - 
ae Soh Se ite eon e eaigcn Ree ae 3 = , EE PP 19 - 
7a aatelalee OI AS Seni sees ees otek 4 SF ? Se en 20 -— 7 
A Ep es et Baa 5 ‘e peer 20 + 
eee ie ee 6 = B . ee acy beans be Se 21 - 
L . .oo.-0s =< 100s hyo eee 21 + 
Lon iy so san eg aoe ao 22 - 
MERRELL.? 2. eee ee ee eee ee ee eee eee reer eee 22 a 
| ee 23 - 
PE PPT 23 +4 
|) ET SORE EES 5 G5 ei 24 - 
Le NE Saree ce - eran 3 — 
hie ES Ppa eae IF eae eae 4 = 4 eigen nas 558s Cee ee 24 + 
7 ta, 5s liege a onereepe Se Bee oS aa 5 — Ha = 
1 es 5 + N B 
= cla uaa abiord Re 6 < . B. AND CO. 
Bes ape noth een asa dere ere ee 4 + 
: Boca jeewes obese oS Se 7 = 
) PP 8 - 
B. W. AND CO. ) PEP ee 8 + 
ee 9 + 
| ener Sf. 1 | + 
Boe eae cise spieniep eaaems op iawis 3 ~~ | 
a Se ania pies 3) 4 5. AS 
Ree ir- Gaia Ps ec a= pee ees oe 6 + 
Manna nS mewn wen esancsanee snes 7 fae 9... 6 foe 
) Pe er 7 = 
BoB ABO Me iti | + 
a DQ. .. ecapubolcs eee ae 9 at 
: (eer neertr 9 + 
Ie Ne Pilar stele o tne alsa eter nto 6 - | ern ee 10 a 
| Pee fe oe i err 10 +) 
Bea lwe iets toon ne Ovens aarp as 7 | =s 
A eS Oh eee aratic idle te ee eS acre 8 + 
ee ee ee eee 9 = I P., D. AND CO. 
DIGITALONE NO. 1. PP eee 3 ee 
= = ee oe Onegin «seve sees bene eee 4 + 
Bon sive chin eg ews w ce 4 = 
RNa eS TE pop ce Sebo.* kapey es oye 10 - ) PEP ee 5 + 
Ditgk fe prriatahtohe did wie gh <ig ls atele aa pial 19 _ Biorw cin's bp sm op & 6 alee tele a 5 re 
2S OPS Spas Merete ne a 20 - ) PEPE 6 +5 
RR ie Seana Fee sale ae 22 “f Bn ceesecau c+ sasNe Gee 6 
NOS $a Se ltey x we peat o> 5 = 25 + Dy waa peasvewe sedee pers sae 7 ys 
SEES BE Pe ae eee 28 + errr 7 + 
SEE ARES Ripe 30 + Ay ao ceeunitnyis cine, eae 8 + 


aThe heading ‘‘Number of animals used” refers to the number of animals which received the 


indicated in the second column. 


» Dose calculated on the basis that preparation was of fluid extract strength. 


3D 


TABLE I.—Determination of the minimum lethal dose per gram body weight for white 
: mice; subcutaneous injection—Continued., 


SUMMARY. 


_ Minimum lethal dose for mice per gram body weight. 


Preparation. Milli- 

grams 
Mulford Uo ome SRE eee EGS Nees aro ee eS, | ee ene ee ee 4 
Srereteanoentmited tincture) =... i eee cet cnc ce cen cenercvcccecdececcecunence 4 
II elds ar, Adie gale ood athl cd wae hub aed aoe Uda a Seuhek bel, 6 
PIETER T AOU oo oc. 8 occlu vdew anne ctvsdmcdausvewelcesedudccccetceccedelens 7 
a pe 8 
I OR ITACE oss sees ve nc ow act ou seule ee eWe loath aeestecclincevececcts | “9 
Nec oc oa aaia not os a's oh aad DSS uns Vie bain ba nee dvcy chews 9 
ete att) ODO CO.) as See a we code ce ped ep teecdvoecatesaceenccreves | 22 
Lloyd Bros. (specific medicine).............. Phe Sad ae grants Sac hoe NAL TS. os. / 24 

| 
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Guinea pigs.—Guinea pigs of about the same weight were injected 
beneath the skin of the abdomen with the drugs to be tested. The 
dose was reckoned according to the weight of the animal and the 
preparations were so diluted as to make the bulk of the fluid injected 
between 1 and 2c. c. The results of these experiments are recorded 


in Table II. 


Tasie I1.—Determination of the minimum lethal dose for guinea pigs—subcutaneous 
injection. 


{Survived = —: dead = +.] 


MULFORD NO. l. LLOYD BROS. 
Number of animals used. Dose. | Result. Number of animals used. | Dose. | Result. 
—— - E 
og mgm. 
See Senne ee 0. 56 = SP ad teh A CN Se RE ORY 0.70 
Oe etc cites -625 = icy Ak ge RA Se ad A 80 2 
faa a -65 os Lie rh cat bine ake ice ee Seed | 80 | a 
oo ok -70 = DP EAR ee pe i ee. ak Pe [7 90 aa 
Eee ose 3 = - -70 Es aE fae aed eh ian ide pe a Ra 90 ie 
Lo SSS 75 + I CD ee SN pe 1.00 my 
oo Lo See . 80 So Ls svg tarips | nN ale a4 oa a Oe 1.00 rt 
Meee Sas SCR a PAs a” Se egrets mee Ag + 
SR Ses eek es eS ; 2.00 + 
MERRELL. a 
DIGITALONE NO. 1. 
ee 0.40 Ki: 1G ONE NO. 1 
ao eee - 50 
a 5 Meee . 50 ae 
a se | -60 — HRS pe NE ean gee Mn iat Spake | 2.00 es 
SE ae 60 + Oe reg eee con cen ee kh, cee “ 
Rees ees 5... .65 + De eee nen a. = eee tia nl * BOO a 
ee .70 + Dee 
N., B. AND CO. 
B. W. AND CO. 
| 14 [ 
6. A Se 0.25 _ le ae on ek ee Cree Ose _ 
ee .30 -- Rea LR is Me ee peg meee) (elie |) Sc 
Re re ss ee 35 _ ES ARS SR RPE Sy yt I arte ae . 80 — 
_. oie 3S -35 + eee cae tein 20 nis She ae - 80 a 
(oe aod bc CSS o eee - 40 -c es Siri oa temremisee ne setae en 3 -90 a 
.. 5 i 832) eee .50 a5 oS iets eee ot ere epee has beat ad 
o.oo ee eee . 68 ~ =F ee tee Be ee ees clot) ee + 


a This heading refers to the number of animals which received the dose indicated in the second column. 
> Guinea pig, weight 250 grams, injected with 12.5 c.c., digitalone No.1. No digitalis symptoms what- 
ever appeared, the animal passing at once into a comatose condition. The respiration became weaker 
and Sealy ceased. Cause of death (”). : 
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Tae II.—Determination of the minimum lethal dose for guinea pigs—subcuta 
injection—Continued. 


DIGITALONE NO. 3. P., D. AND CO. 
Number of animals used. Dose. | Result. Number of animals used. Dose. | Result. 

mgm. mgm 

Pesan: SEERA Se Oe ee hee ee 0.90 — Wes esse wees eee ee See 0.50 
Re gs Se coon 1.50 a— | Pee ote tee .60 
bares Bee way 1 eee -70 

a = Fa Qa nie She oe es aoe oe -70 
Do. oo lek te EE eee . 80 

H. BR. AND W. . Te 
Ss. AND D 

Baten see al 030] 1. 2c ehh 0.70 
RS Be 8 hes te ok cae - 40 - Se wii a cvvdeiestaswteeeeee . 80 
a Sate he ok le Pn © . 50 aa Woe ek ee coat ee eee . 80 
Pee pee Sey i atk oe hee ee .70 + Weiss cies Senn cid oe bhencn ieee - 90 
Pe ee et cr ete 1.00 + An os dl nmiwowkind cee - 90 


a Nosymptoms. 


Digitalone No. 3 was used in injecting two guinea pigs, one receiy- 
ing 0.9 milligram and the other 1.5 milligrams per gram weight 
Neither of these animals showed any symptoms whatever except 
ing that they were somewhat less active than normal. 


SUMMARY. 


Preparation. M~.L. Dae 


Bish: AG OW! nn eck eee un ccenecenmcon bacccs ceecbbu Sued ven detes ee | 
Merrell> . o.0 ops otc eke ees oes Cee alo nec ob. oe ne See ee 


coe! eho Uo Ut Cc ee nn PE SAE en ener ee Sass ce cs ee 
IN: .B. aNd CO en oon ces hone bbc woe met Senn An eee pe Le ee . 
Sand Do nc ces se Sie ins wr clo ersla ses see Ue ee Age telearece nce nee 
Ldoy: Bros... 22 otiece colo te eines aide coee baseaeet oe Spa cece saee | 


Digttalone No. 1... 22-20. - <2 eens seen es enone ne ees aie RS | 5. 00(? 


aM. L. D.=minimum lethal dose. b Lived. 


Cats. —The toxic dose was determined for these animals in tk 
course of the blood-pressure experiments. After the initial injec 
tion of 1 c. c. of the 10 per cent solution, further injections of 0. 
c.c. each were administered at intervals of not less than 5 minutes 
artificial respiration being maintained so that the toxic action we 
due to an effect upon the heart rather than upon the medulla. Th 
was thought desirable because in some of the earlier experiments th 
respiration was observed to have failed, although a good circulatio 
was being maintained, while in others the animal would make appa 
ently normal respiratory efforts after the heart had stopped and th 
blood pressure had fallen to zero. The toxic doses were compare 
on the basis of the number of milligrams of the drug used per kil 
gram of body weight of the animal. The results of this series « 
experiments and the average for each drug used are given in tl 
last two columns of Table III. 
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travenous injection. 


N., B. AND CO. 


August 4, 1908, cat, 3,800 grams: 
ES 
September 9, 1908, cat, 3,780 grams: 

Normal 


pe 


ly AD. a ee ee 


DIGITALONE NO. 2. 


August 5, 1908, cat, 1,800 grams: 
Normal 


September 9, 1908, cat, 2,500 grams: 
Normal 


B. W. AND CO. 


August 5, 1908, cat, ——: 
Normal 


August 7, 1908, cat, 1,150 grams: 


Tasie III.—Determination of blood pressure and minimum lethal dose for cats, in- 
Fluid extracts diluted to 10 per cent strength. 


Normal 


P., D. AND CO. 


August 5, 1908, cat, 1,600 grams: 
Normal 

After 1c.c 
September 5, 1908, cat, 3,220 grams: 
Normal 


S. AND D. 


Io a ‘= 
Teel nq Lethal dose 
Heart | Blood crease in | L@thal | per kilo- 
rate. | pressure. hiood dose. | gram, body 
pressure, | weight. 
| 
€. ¢. mgm. 
126 Ee Peano See | 
150 | 122 122 7 184 
90 Mir 25-64 5 - eer vere Retee ae. 
90 60 | 58 | 6 158 
ee) A ee Seren Opa per 
120 78 | 116 | ij 235 
SL ets ee 192 
162 it GS, Sa SN ee ee Pee tae ede Ey.“ 
186 140 133 2 145 
192 Ot ao 8s. ecco) ee ee 
186 86 27 4 214 
198 OG) 2 OE Sess GA ae ee 
174 84 27 7 | 215 
180 DA | otek alls faa ee ee 
180 158 68 6 | 208 
Sages Ree Yh ae 195 
| 
174 (Cd Ane eee rene Bera. SS 
168 100 | 52 9 | 500 
| 
150 | Ch Seen Meee ee ee 
160 | 60 | 58 15 600 
See een ee Sl eee 550 
198 (SU es Saas bie Seen Sine e Pare 
210 104 SO: |/ss Sees he See aa ee 
180 SO mee hembessey Bs octets 
188 74 90 | re | 174 
138 OE [nee ak ers en te fe ho seer 
138 66 32 5 143 
ees ne ae LOL | oregon 158 
114 | rid ena rca Pape Teese, tars 
126 | 55 38 3 187 
174 DOT | race ret el orl ee ee 
162 | 76 36 5 155 
PN a Pee iat. 7h ae 171 
216 Jeb leat Sean riot ore ee es Cae ee 
210 112 19 2 | 174 
144 ME bei, Seon cabs eR i Ae 
114 64 60 5 | 296 


TasLe III.—Determination of blood pressure and minimum lethal dose 
Fluid extracts diluted to 10 per cent strength—Continu 


intravenous injection. 


“~ * Aha eee 
= = ¥ ai 

“igo Ee <1 oes 

> : wala Bs 

> = . 


Percent- a 
: Lethal dos 
Heart | Blood | Q&0'0" | Lethal | per kilo 
rate. | pressure. dose. | gram, body 
blood wee 
pressure. 
S. AND b.—continued. 
September 8, 1908, cat, 2,880 grams: > Oe “mgm. 
PVOPMIA 3 2 eck on ae ee eee eee 158 56 |....2¢5..5)>05 ae eee 
70 0): oe ene 2 hRe Seley) So te 162 74 32 6 
September 8, 1908, cat, 3,800 grams: 
OUTTA. oo. og oe nk See eR en a Oe 162 ae I ee Pe, 
Aer Licues, . 2. Jaks cl). en ee eee 156 84 31 il 
FA VOTAEO ai). 2 ic acta SOS ae eee ee Tee a Sr cee a ee OD cee oe 
H. B. AND W. 
August 4, 1908, cat, 2,400 grams: 
NOT a 52 2 he 2 Soe CER Peete cae aan a 162 58 |... 2. 2secplopeaee se eee 
RBI CrGe ooh te etn ee eee oe a ants eee es 204 100 72 4 
September 10, 1908, cat, 3,050 grams: 
INCI cc -oSoc is wee eh oe ee ee ee ee ee 220 68. |... oo Soc leeeeoe Dole eee 
1S Fe cl Gata cere Pa oe aie Rene Mc ie ap Le lose om Ae 190 78 15 7 
September 10, 1908, cat, 3,900 grams: 
NORMA oC Oe ta Soe cee Mme roe ee te ern eee 120 5O |... cake ol ete eens eee ia 
PILOT Cao hS 2s Wee ee Sates te US ie See eine 120 62 24 9 23] 
September 11, 1908, cat, 3,620 grams: 
Per, 3 oo es ae Seek ok he. a a eee 130 70 |... 2a aenlees O82 el en 
AUter CG. o.oo. ee abons ee ee eee ee ee 140 85 21 9 
ANON EE soo bce Fe okt LORE © oe ee Se ee ere | eres | Biot he es 
MERRELL. > 
August 4, 1908, cat, 3,600 grams: 
Normals. >. 220.2 Boe s ee ohn eee an oe 138 54. |. oon eel eee eee a) eee 
Tier TW GCs ou: ok Bee phe nein sd Shes seme arte peas 132 70 30 
September 12, 1908, cat, 2,540 grams 
050012) nes ae etiam ce) Ye Ale, Slee pate a ee ater Lt a Ee 200 90 |}. -.2 = sce ee ee ei eee 5 
SN THOR LC G5 os he eee oa Ae eo 210 104 16 i 
September 16, 1908, cat, 2,800 grams: 
INORG ALE ee ot Boake oe ee ots Se a ee ee 140 54 |- 2... ec le 2 soe 
PTOI nC hao 0 auteie Sele oe ae et oh ae ere 140 72 33 
AVCTAPC 253. 32,2 ens oo. ose secs brat pe noaence SIGE ieee eee ees 26 
DIGITALONE NO. 3. 
August 6, 1908, cat, 1,600 grams: 
NGI Ate nA Io ce See eee Ramietc ea herd Se een ee 138 10 |-- ee ete tiee eee eee oe 
BACAT TN CoG esa iaacto Panes Seek el Et oes Bs SR 120 84 20 
August 6, 1908, cat, 1,930 grams | 
PDE RIN A at cots arte aie Ae Cie oes ete ee I 120 46 |....-.5205)seeee Jee] 
Adter Gil. 25 nto ee Suess so ee Ae 108 60 31 6 
Jo) ns 1 5 ap ee ety 9 Sea PE Pee een Se En dS eh Peete nal lot oe eis Zp eens 
LLOYD BROS.@ | 
August 5, 1908, cat, 2,000 grams: 
DIORINAL S302 AS os Youn bese Poe ae eee eee 168 66 | «= 5-2. aa ehew ec 5 eo eee 
A tel [CARE Cee gee en go nl pS Soe AEB 168 84 27 8 
September 11, 1908, cat, 2,730 grams: 
PUTIN So Seewcs Re Se oa Cae See ee Ee eae 130 52 |. -ewcwsc claws secs] een 
ea 1) AS CA ey Mey to Og Oly PEE a Ce a= oe ete 130 (3 21 13 
IANOTARG 3 235 5 os PSs reas be Se ea a on ee oe ee yo eee 


DIGITALONE NO. 1. 


August 5, 1908, cat, 1;800 grams: 

OORT 408i 8 2 eee Wace peg oes ce ee 
September 5, 1908, cat, 3,220 grams: = 
Normal 


a Specific medicine. 
b Per cent fall. 


Evaporated at room temperature and diluted to 10 percent strength with salt solutior 


180 €8 |... .2-2.;|eeeesn eel Aon 
210 48 B29 jose. sos -|-c, eo 
160 60 |>...2n2-s8|on geo sehen 
190 50 B17 |. -cesasl-e oa oa 
023 |..,....-3) ee 
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Taste III.—Determination of blood pressure and minimum lethal dose for cats, 
intravenous injection, Fluid extracts diluted to 10 per cent strength—Continued. 


SUMMARY OF TOXIC DOSES FOR CATS (AVERAGES). 


Milli- 


} 

Preparation. 
par | grams. 

| 

’ 


a SE ON ARO ee BE ee eee Ee 219 
ate aiitta) aie mcafee cinta, «1 oS Sate Sais ahi mgt aia’ ole cea wis bal Na cigs wlan om alam ae ole Sawa 242 
I tel x cafe ia chao: ayers era oak wi ee oe a cele Bala Pee de Warawan aes cance dm hseee ees 252 
Digitalone ais cXic:n ai oUt Sy, oe eid Wan SESW ree Aa eomah Gee eae drake phew Uaneusnn dv ae 280 
TEN te Por - ob ic ase ule Aieisla asian Ores gee ae Bh lan co ae oe wena nes dedwadudypecp 438 


Digitalone I etna n ein Ce cy acs eS rae ee Ata ack WeoM ae mine tn can ket eons dd oe ay 3 | 550 


Frogs.—¥inally the toxic dose on frogs was found according to 
-Houghton’s* method (see p. 16). The frogs (R. pipiens, Schreber, 
Syn. R. virescens and halecina) were unpacked as soon as they 
arrived and placed in a large cage through the end of which flowed 
fresh water. They were only brought to the experimental room 
when needed and injected late in the afternoon. They were then 
placed in separate jars and early the following morning the death 
‘or survival of each animal was noted. The results of experiments 
‘in which the lethal doses of four of the digitalis preparations were 
determined are given in Table IV. 


Tasie 1V.—Determination of the minimum lethal dose for Rana pipiens, twelve-hour 
method. 


[Survived = —, dead = +. Dose per gram body weight. ] 


MULFORD NO. 2. 2 P., D. AND CO. 
Series. Dose. | Result. Series. | Dose. | Result. 
| 
4 C.C. c.¢. 

se on 0. 016 — fe ea 2 Fi ay ae ee a eee 0. 024 a3 
.018 = . 026 —_— 
. 020 + . 028 _ 
| ee . 019 + RE reg: SOF eat en ee SR 030 + 
. 020 + 032 | _ 
a . 020 — . 034 + 
Be . 020 + oR Ls se hr ean Ere Ae a . 029 4- 
. 020 + . 030 + 
. 020 — . 032 + 
1S Rae SY Saeed a nd eae . 029 | + 
ra . 029 > 
| to29| + 

B. W. AND CO. | 

S. AND D. 

ee 0. 010 = Wien ee ee Ae Le ee ie 
.012 _— . 026 + 
.014 = . 027 — 
3. 24a ee ae .014 ao Dae cee ee ae Eee ree Soee . 026 _ 
. 016 + . 027 + 
: .018 + | . 028 + 
Ld pol Se 015 + Ae ene, eaters Ie en ane ee ees . 027 + 
015 + ly ee + 
015 + | 027 | = 


a Houghton, J. Am. Med. Ass., Chicago, 1898, X X XI, 959. 


40 


TaBLe [V.—Determination of the minimum lethal dose for Rana pipiens, twelve-hour 
method—Continued. { 


SUMMARY. 
Preparation. M. L. D.a@ 
c.c. mgm. 
Be Wand Coe ec nc oe cece Se eck ols Se ae re 0. 015=155 
Mulford No.2: «2 2256 os os ce a a . 020=2705 
SOE: cle Il D neers See Bn DA ee POE ee sew ce -e - 027258 
Px D,. and Co. 3. 22.205 ees e Sec ence Se bone bas ee ee eee ee . 029=2.9 


aM. L. D.=minimal lethal dose. 


Factors modifying ef/ect—Our experiences with the various factors 
which are supposed to influence the reaction of the Fre may be 
briefly summarized here. 

Weight.—In regard to the weight of the animal many workers have 
apparently very largely ignored this factor, while others have made 
only an approximate allan for it. For instance, Focke says to 
use frogs w eighing from 25 - 30 grams, while ote merely say 
“large” frog or “‘medium”’ or ‘‘small,’”’ as the case may be. In our 
experience, which covers some years, we have always weighed the 
animals fairly accurately, within the limits of 1 gram, and then calcu- 
lated the dose per gram body weight.? This seems not to be abso- 
lutely necessary, judging from the reports of several writers quoted, 
but we think that it can not help but insure greater uniformity in the 
results, especially when there are certain factors such as idiosyncrasy 
which can not possibly be allowed for. 

Sex.—Our experiences agree with those of Focke that unless it is” 
in the springtime there is no particular difference in the reaction 
obtained from male and female frogs. 4 

Season.—The effect of the season of the year upon the conditions 
of the frogs seems to be pretty generally recognized. Both Mosch- 
kowitsch and Dixon point out that the frogs are most active in the 
spring. The question has been most fully considered by Focke, whe 
says that on account of the seasonal variations only summer frogs 
should be employed, as they not only react differently at this time but 
there is very much less variation in their reaction. According to a 
later research,® if they are to be used at any other season, they should 
themselves be standardized by testing them against a digitalis prepa- 
ration of known value and using the temperature factor which 
give the preparation its standard ““V” as previously determined. 
The introduction of this factor, however, we believe to be entirely 
unnecessary excepting that comparative experiments should be ca 


« In our former work we used as a standard for comparison doses calculated on the 
basis of a 20-gram frog, but in this work we have compared the preparations upon the 
basis of 1-gram body weight as being simpler. 

6 Focke, Arch. d. Pharm., 1907, CCXLV, 646. 
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ried out at the same temperature. That a given preparation should 
show a worth of 5 at one time and only 3 at another seems of very 
little importance if its keeping qualities are known to be good. All 
that is necessary is to keep such a preparation in stock and, at any 


time when an assay is to be made, to redetermine its activity and then 


make the unknown conform to the value found. The only essential 
is that the known and the unknown digitalis preparation be tested at 
the same temperature. 

Focke“% carried out a series of experiments especially designed to 
show the effect of season. (The temperature factor probably played 


some part in the results,) He employed a digitalis powder which had 


been very thoroughly dried and carefully preserved. During April, 


May, and the early part of June the average of all experiments gave 


the powder a worth of 2.66. From the last of June to the end of Sep- 


tember a V of 4.36; during October, a V of 5, and on November 20 a 
_V of 3.38. These variations he ascribes to the nutrition of the frogs 
which is lowest in the spring and gradually improves during the 


summer, reaching its highest point just before the winter sets in, when 
it falls off sharply until it reaches the low point in the spring. He 
also says in a later paper that in the spring the frogs react weakly, 
and this is supported by the results of experiments in which he 
shows that the temperature must be increased in order to obtain the 
same values for the same preparation as at other seasons. His tables 
show that reacting weakly the frogs require a larger dose of the drug 
or an increase in the temperature of the operating room to produce 
the same effect and therefore give a lower V to the specimen of leaves 


examined. 


The effect of a lowered nutrition in increasing the resistance to the 
drug is rather surprising, especially as our experiments, while not as 
complete as Focke’s, show exactly the opposite effect, viz, that in the 
summer when the animals are most vigorous they require a larger 
dose to produce systolic standstill of the heart. We worked with a 
different variety of frogs from those Focke employed, but it would 
hardly be expected that this factor should make sucha fundamental 


difference. Our experience may be summarized as follows: 


The U.S. Pharmacopeeia tincture examined by Edmunds? in 1907 
required a dose of from 0.16 to 0.20 c. c. to produce systolic stand- 
still in one hour. In experiments carried out in August, 1908, frogs 
belonging to the same species (R. pipiens) and of the same size 
required 0.40 to 0.50 c. c. to produce the same effect. 

To be still more exact, in April, 1907, a Parke, Davis and Co. tinc- 


ture required 0.15 c. c. to produce the end reaction described above; 


in 1908 one of their fluid extracts made to correspond to tincture 


a Focke, Arch. d. Pharm., 1903, CCXLI, 678. Ther. d. Gegenw., 1904, XLV, 251. 
b Edmunds, J. Am. Med. Ass., Chicago, 1907, XLVIII, 1744. 
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strength required 0.42 c.c. As these preparations are both physio- — 
logically assayed to a definite strength, the difference must be ascribed | 
to the variability of the reaction of the frogs. As a means of demon- 
strating the uniformity of these two preparations mentioned, we might 
say that the 1907 tincture corresponded in strength to a tincture made 
in the laboratory at Ann Arbor from leaves obtained from Parke, Davis 
and Co., while their 1908 preparation is practically the same strength _ 
as U. S. Pharmacopeeia fluid extracts made by other firms and which _ 
were examined at the same time, the results being given in the table _ 
on page 44. | 
In striking contrast to these views are the results of some of 
Houghton’s@ assays, which were carried out to ascertain if a standard — 
tincture would deteriorate in a year if kept under proper conditions. 
His two tables, which we give below, show not only that the standard — 
preparations do not deteriorate, but also, what is equally important — 
and interesting, that frogs react exactly the same at all times of the 


year. ? 
TaBLE III A.—Standard strophanthus. 


Date. | Toxie dose. 
| 
dnuly6,"1897 .. Seee eee 0. 00015 
O€toberdS 897 32 eee .00015+ 
December 20, 1897.......- . 00015 
February 23, 1898......... . 00015— 


Aprita5, 1998.....2).2522: . 00015 


Tas iE III B.—Concentrated strophanthus. 


Date. Toxic dose. 
DOR AoS; cl OOk eee anne eee 0. 0000037 
November 10, 1897........ . 0000037 


Ziegenbein also did not think that season made much difference in 
the susceptibility of frogs. However, it may be said that any errors_ 
due to differences in the reaction of the frogs dependable upon 
season can be avoided, in the first place, by standardizing the frogs 
with reference to the temperature of the operating room after the 
manner of Focke, and, second and more simply, these differences may — 
be avoided by always assaying a standard solution of digitalis, which 
is kept under proper conditions at the same time that the unknown 
solution is examined. 


FROG-HEART METHODS OF ASSAY. 


4 


According to our classification, the second group is concerned with — 
an action upon the frog’s heart as a means of measuring the compara: 
tive strengths of the different preparations. In these methods the 


a4 Houghton, J. Am. Med. Ass., 1898, XX XI, 959. 
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Q) nd reaction is the stoppage of the frog’s heart in systole, the chief 
differences between the various methods being dependant upon 
variations in the time factor. 

The one-hour method.—In this method the frogs are secured and 
kept in the manner already described, weighed, and such a dose is 
jected that the heart will be found in complete systolic contraction 
at the end of exactly sixty minutes. The drug, properly diluted so 
as to make a volume of 0.5 to 1 ¢. ¢., is injected into the anterior lymph 
sac by means of a glass pipette. Shortly before the hour is up the 
frog is pithed, tied to a frog board, and the heart is exposed in the 
usual manner. If the heart is still beating, the dose has been too 
small and must be increased in subsequent trials. In the first series 
of frogs doses are chosen with wide limits, which in a second and 
third series of animals are narrowed down until the smallest amount 
of the drug which will produce systolic standstill in one hour is found. 
Usually three series of frogs are sufficient to assay one preparation, 
but in case of any irregularity in the reaction of any of the frogs a 
fourth or even a fifth series may be necessary. The results of our 
assay of the different preparations are given in Table V. 


TaBLe V.—Determination of the systolic stoppage of the heart of Rana pipiens in one 
hour—Drug injected into abdominal lymph sac. The doses given are in cubic centi- 
meters per gram body weight. 


MULFORD NO. 1. B. W. AND CO. 
Number of animals used. Dose. | Result. Number of animals used. ‘D Dose. | Result. 
. | . £. a | 
Cs €. | C..¢. 
Se ce 0. 009 — Doe. e eee ee eee eee eee eee eee ee 0.018 = 
ee 01 = areas ee yk Paledee acuc ol cost hh OO eer 
SES eee O11 a TEN eee cai iee ed the MLN Mim Set 
on og eee 0115 = i ape t ode Sone Se che OOS tee 2 . 020 + 
ts bo oa .012 = Diet oR Se SO ree Soe 5 a . 021 + 
See 014 + ap Rae Met SR ND MM + 
a eee . 016 ~ eee EA eh Mi 
LLOYD BROS 
DIGITALONE NO. 3 
le hee ae Pine Sate ect Sa 0. 027 — 
Kas Ae SoS ees eae 2 pe a Red ae een . 028 — 
6 ees ee gel nna ty ebay. Fe ecatath . 029 a 
Laas So 0. 035 — z 
i as "037 i Ae Rpt a nn Sere Saas See . 030 
. ws. 6 eee . 038 — = = a eS ne 
oe . 039 ~ 
| a 040 ee DIGITALONE NO. 2 
RENE sre ee Le . 040 ote + -- — 
. 041 — 
0 SOI Se ea 1 es PhS El ee et ae We eRe Be Met eo _ 
ENN ST la hc a - 042 le ati Pel ott otek ce We Me Te be oe . 032 — 
: |S SRW Eee NGS Se ore . 040 - 
Dee 1 Pep pee Me Ok aren Ria 090 — 
Le Oo en ene ae Me a ae Ss .105 -- 
ae at 1 ee ee ee ee .120 (0) 
| y 
2 eee ee 0.025 | ~ MULFORD NO. 2. 
= 026 | — 
eA Oe . 026 a= 
a oR S027. 4 — ) ERE Wee OL erie) a anaes & eae a 0.014 | — 
a .027 + SSO cee is, iepteh oes 015} 
Re ne . 028 - 1S oe Ts Re CRT ee, eee ee - O16 | -- 
oa. 8a 16 DS ree . 028 - Abe ieee fe hid eee Seek o . O16 | ~ 
Eee Sk ne cs . 029 aa SNe Le eee ee Oe SF Ra gn tae os 


a Diastole. b Diastole, later beating. 


; > 


MERRELL. H. B. AND W. 
Number of animals used. | Dose. | Result. Number of animals used. Dose. | Result 
C8 C5 
Be. 2 5s A a a eee 0. 022 - Dosen en sntedas. 59a eee eee 0. 022 -_ 
“BeOS ABE = Sen OOD tetas SOE . 023 = Loci pect eee a ae - 023 _ 
ec St: og PRN ey ye . 023 a6 Bu. sy ts q hance es bp ae ae ee . 024 - 
ey Ss ep eee ea od Se oe . 024 = Dn oi Sn 6 Sh cin lu Sepia ee - 025 + 
Ee acs RISE aan s mine. eee . 024 St Looe Sees og eee ee - 026 — 
eS Perec pre a: amen pee - 025 + ee eer - 026 + 
| Bin Pe Sey ame eee, ee Es . 026 ar Ln. Sco cep as Sa ee - 027 ae 


N,;, B. AND CO. 


| Sa ek 0.018 — 
ES Bs Be deal PORN eee ee 0.020 — | eee ese oe Crs 5. - 019 aad 
eh a I SP rey en) Ea > | 021 - Lo. cice ce ns ee . 020 _~ 
eres oF. Ma ae ea ek a (= Oz + yr tryin Sears ee ee - 020 + 
| Se Ses Se ee a ae i 2022 4 ) Se eS Pe . 021 — 
ee A a ee nS ee te (9 023 4 PP eA sr . 021 4 
AEs Se ia 5). oe Re ne: | . 025 + eS 8 . 022 + 
SUMMARY. 
Preparation. Dose. 
A 

Mulford' No.1. 2.223 -2.02cs cccke wen See eee cee sc oe lene Bebe a ee ee 0. 012 
Mulford No.2. ......<22 i2. oehcncte dnc: odessa ches eee Oe . 016 
Be W. and Co... 2.28 oes secekice cs Fon ben ee vee tee eee bees SR . 020 
Pe Dand Co. 52 wo eeewteediot eck s dosa) daeust sew oes ete eee eee . 021 
N.. B.tand'Co. 0. boo sae tec te ood oho awe oes 2 ae a ee : 
Merrell. os coc oe oe ee a aa he ee eee . 024 
He Buand Woes... bees Se fe ot ccc ee oo eee ne tee . 025 
Boand Dy os ic. snc ee ea nee ein e's ae nh sine sain am nee . 027=2. 7 
WOVE BOS. o20- oc eee ec jac ones own oe cdgs cen ones o 60.2 be cee se ae eee - 030= 3. ( 
Digitalone NO. 3... 2o. sc ces oo oS ceats ewe owe an cree cle sere ores are ee rr . 040= 4. ( 
Digitalone NO. 2... ...c0sccen eee ee ne eee eae cig ie oe Slee eee eee en ce ew oo oleate ate ete a eee 


“ Focke’’ method.—The second method upon the frog’s heart which 
we employed was that of Focke, modified, however, in one or twe 
important particulars. In the first place, we pithed all the frogs 
while Focke does not do this until the experiment is over. It i 
absolutely essential that this should be done for purely humanitaria. 
reasons, and if this operation interferes with the accuracy of hi 
method then the method can not be used. As a matter of fact, thi 
was done very carefully so as not to lose any blood, and the piece ¢ 
sharpened wood was left in the brain cavity so as to prevent hem 
orrhage. The other modification was patterned after Wang, wh 
found it was hard to determine when the ventricle may be said t 
have come to a permanent systolic standstill. We found exactly th 
same difficulty, and so adopted Wang’s modification of watching {¢ 
the stoppage of the circulation. Wang does not mention how h 
determines this, but the method we used was to watch with tl 
microscope the stoppage of the circulation in the web of the foc 
This itself is not always satisfactory, because in some animals, due t 


some unknown condition, very little movement will be found in the 
blood in the web vessels. The most important factor in the condition 
of the peripheral circulation seemed to be whether any Hemorrhage 
whatever had occurred during the operation. If even a drop of blood 
had been lost its loss appeared to be shown by the poor circulation 
inthe web. An important precaution we adopted was, after selecting 
the field which showed the most favorable circulation, to note the 
direction of the flow in the main streams. If this was not done, after 
the heart stopped or had become very weak the blood would fre- 
frequently flow in the reverse direction and continue doing so for a 
long time. If it was not known that the blood was no longer going in 
the normal direction it would be supposed that the circulation had 
not ceased, 

In most cases it was very hard to tell exactly when the circulation 
did actually stop, because when the heart became weak the blood 
would stop flowing for a short period, to be followed by a renewal of 
the flow just as soon as enough pressure was obtained in the supplying 
arteries to overcome peripheral resistance. Both end reactions, 
either stoppage of the heart or of the circulation, are very indefinite, in 
our opinion, but probably if a sufficient number of experiments are 
carried out a fairly definite idea of the relative strength of the prepara- 
tions can be obtained. 

It is very essential in this method if a comparison of different 
preparations is to be carried out not merely to choose any dose which 
will stop the heart at any time between seven and twenty minutes, 
because quite different values are obtained if a dose is given which 
will stop all the hearts in eight minutes or in say eighteen minutes. 
_As we found, and as Focke shows in his tables, the shorter times give 
higher values, so that in comparing two preparations it would be 
necessary to have the hearts stop at some average time, ten or twelve 
minutes, or to so regulate the doses that two hearts will stop in about 
eight minutes, two in twelve or thirteen, and two in eighteen. We 
adopted this rule and in this way a fairly good average is attained. 
However, even with these precautions, we believe that this method 
allows of greater variations and inaccuracies than any other method 
we employed. The results of the determination of the toxic dose of 
the different digitalis preparations by this method are given in 


Table VI. 


TaBLeE VI.—Determination of toxic dose for Rana pipiens, Focke method—drug i vjec 
into leg lymph sacs. ae 


Time is noted when circulation in web of foot stops. 


weighing between 25 and 30 grams each 


MULFORD NO. 1. 


Dose. Time. Value (V). 
} 

euc: Min. | 

LE sn MEAL RE sibel Si TA 18 2.8 
202 aa Se as See Ot ASS, Lalit 18 2.8 
Berta cele cine x tant eee 14 = a0 
PORE D nt eos ta et one 9 4.9 
Dt ahs SIN a OR oe a ae TY eof 12 3.7 
A SR Coe eet meee 11 3.9 
USE Re ENS Me SOS Pee 9 4.4 
Re ee Ne Bie ccs ee 9 4.4 

atk SUS Wie PAE 
I VOTAOD 4 fon a ha = V=3.8 
MERRELL.@ 

DUSBS Siceo sew: Sct eee EOS Ie 20 1.4 
User ee Ne ee ce ee 15 | 2.0 
SGP Sete ok co ASE Sere ee 16 1.8 
US ds ae See ere ne eag ie, A 13 2.0 
SUD = fs Soc 25.56 oe es 13 2.0 
OSE ee ce Se eo hy et 12a) 2D 
BOM lres Pose Ss See eee 12 2.8 
SO aes as ke Sek ae eee 10 | 2.5 

AVELALO. aoc ancs a cae se oe Eee | V2 
P., D. AND CO. 

ONS TP ae oe oe 2 eee eee uly 1.6 
AUST Ba OI ree en) Seco Bae 14 1.9 
ROAD Ee eas Ree) Res 13 1.9 
ROAU Ect ic Se 2 eee 14 1.8 
cP TSS eee hee eee emer neon 14 1.8 
=) Fa dial ele anh ei eli aa 11 ype | 
pinay 8) es Se et ee 10 2.4 
UE 5) eee a a I RS ot copra ao 11 Pan 
IDAs co os: Se 8 Sein Wore ee | 10 oe 
DEAS Ses eae gene eee en LN. aye ll 2.0 
Aer aoe, se hee ey 8 2.8 
RR a aera ken ee RS nepias. 9 2.0 

HX f 7) 0: 1; a eg ae eae bie V=—2a1 
| 
LLOYD BROS 
| 

SESE re PaeM bs ae ee 15 1.9 
CE | SR Se Re as ae a Rw 13 2.1 
EN Sal ga Cae Pe a Ie 12 2 
OO SARE PT Cee ee ee 10 2:5 
AI Pe te oa tr eee a. 12 1.9 
EE TEP eee, eee 8 2.9 
"Lee A ia ny ne | 9 2.4 

| Sg | = 
BRRNOOR s.. 3G oes ut ele - 2 coe | V=2.3 


a Calculated as of fluid extract strength. 


Digitalone No.1. Frog, weight 41 grams, injected with 0.5¢. c. per gram body weight. 
heart rate was 16, weak contraction but dilating well. , a 
Digitalone No. 2. Frog, weight 40 grams, injected with 0.5c. c. per gram body weight. Five hours lat 
heart still beating, rate 17, contractions weak, but dilating fairly well. . 
Digitalone No.3. Frog, weight 39 grams, injected with 0.5c. c. per gram body weight. Ventricle stopp 
in fifty-seven minutes; auricles beat two hours longer. .’ 


Dose is calculated per gram body weight, ML 1 a 


yo 2 5 
SS reo 
. coal = 
Ls a ae re oy oie 
Pigg ae Se 
» FX _ 
2 » ane 
: ss z 

“aie 

aw 

* 


cP 
~ 


N., B. AND CO. 


Dose. Time. | Value (V 


CoG. Min 
OH 0s a met ren Sta) asa. 20 to. a ee 
0203 oo ees. ee eee 18 
O20. | 22.22. s eee ee 17 
O 22D ai, aie one et ee 10 
023. 2. J.<2aoci04 coe 20 
0265034 [4256s eee 12 
027 . 55 25.2 oseae ee 15 
030) 2 5.50% 05 ee ee 133 
085 (0. Fane eee 10 
AVCPaBe.... 2.2.0. denee eee eee 


010325 .....5. 2-2 seu. 14 
10325. 2 2.05.3. soo 15 
083 320.5225 ose eee eee 13 
0362 .- 3253.2 2S eee 12 
035... b.3a0 nee eee 11 
OS 7D... he Alene ee 8 
0375.2... See eee 8 

B cise cao see then eee 7 
O40 2 5 2a n0c <0 ans eee eee 11 
O40 tk Sa eee i 

AVerage..,.: J. 5c eee 
| 
B. W. AND CO. 

0:08 S23. c2e Fao ae 13 
08 5.0:254:55 5] a he eee 16 
03's. 12 at beeen 12 
ABB ys s.0% 12 d20ap eee 15? 
35s. 02. 22k bee eee eee 10 
086e.2 < x2 seses cabs eee 9 
4. ua aa Beane 8 
042 :.50. isnt 74 

Average... .o:t3.c¢eeeee | reper ays Sof" 
S. AND D. 

00865....% : 4254 20 16 
088.552.025.222 ee 10 
088:.........2. 22 sce e 12 
A022 << dee em ee 11 
045.2... 05.03.00 ty. 2 eee 10 
1045: 2. Ske 9 
At] [5 ene ee ae ek 8 
050); <:2:5. 2.225 bere cee if 

AVerage..:.. «in». she eee Vv 


Five hours lat 


+ 
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TasLe VI.—Determination of toric dose for Rana pipiens, Focke method—drug injected 
. into leg lymph sacs—Continued. 


SUMMARY. 


Preparation. | V (value). 


ESET ESS PS om ok hs a puta Gua seo wpe aidaw acvenkbvmanedbupaeevswaes« 3.8 
RNS Sf ees ea) PL Scie Views csul cawiels cel ew dae elie iwwsepewcacs 2.9 
ICC Tee fetta yee cee SS es Nin dts om aes oan cele s 7 bas 

SE SS A Sree ey es th ce duehtaiaceadswenseed 27 
TIE Pale ees yee are 20 en ae ot eos ma vate ad. ce odeo ulew uss eawel 2.4 
a a feed Sl A PIE eS Hele aid ace Uk fe nieibislns waleianeu'e ess ade 2.3 
EN SEE, Sei Rr ee OM sy ialeste'e dln n eincapiva ikia« o a'vwes a aww wip orw ol ye | 
Neen nn nn een eT sec dau ne bhipmNdbScvmeusedadencdacntedwees iy | 
oa 2h each y adenkde ares cednadcduWocectecsecsesveie, Vepcueastes 


PERFUSION OF FROG’S HEART. 


The perfusion experiments upon excised frogs’ hearts were carried 
out by tying a cannula in the left trunk of the aorta and a second in 
the posterior vena cava near the heart. The isolated heart was per- 
fused under constant pressure with Ringer’s solution to which digi- 
talis in tincture strength was added so as to make a 1 per cent solu- 
tion. The time was noted until systolic stoppage of the heart 
appeared and the figures recorded indicate the number of minutes 
the heart continued beating after the introduction of the drug. The 
results obtained by this method are recorded in Table VII. 


TasLe VII.—Determination of the time required to stop the isolated heart of Bonk 
with Ringer’s solution to which digitalis had been added to make the solution of 1 p 
tincture strength. 


Minutes. 


Muliord No; 32222 222.24 ee ee ee = N. B. and Co 
6 


Veer ewre ses ese sees cee eweceessae meee 


ee ee 


37. —s~P.., D. and Ce... ...... a. see F 
34 ‘ta 
21 “a 


AVORARCS 5 ite! thc date ASR eee 23 
Bagyd-Sr0s~...22 le. 3 ie See ae oe 66 


Averape oS: os Deseo Le eee ee 57 Average. :.....:: 2. = done oe= See a. 


PiPtalONeMNO 752.00 olathe tae ote Se ae oe ee 53 


AMOUALG cryin! 2h Soe ee oot oe cece eee ee 69 


SUMMARY. 


Preparation. 


IN is BTID CO. sos nc ae oe oe ow cee bacon bo bees aba dacne tones aciacee cee tne 


BB Doin oo oie ea oo penis pine im wns in BE Sie awn Hiwinln Ss Tm aE eT ev 
| ly nr een he Skee re . 
TAOGO BSr06 wooo oo nine esac cle wwe no wn inne wn vin sw eee ee ih mmole» me — 
Digitalone NO. 32.0% 05.0 vc ccc cctesee cecccwy tints dupe wvce daeee eos os souls oleate aaa : 


————— 
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THE BLOOD PRESSURE METHOD OF ASSAY. 

The blood-pressure method, included in a third group by our 
classification, was carried out in the ordinary manner, cats being 
used as experimental animals. They were anesthetized with chlore- 
tone, 0.4 gram per kilogram body weight, dissolved in a small amount 
of alcohol (2 ¢. c. to 1 gram chloretone) diluted with a little water 
and given by the stomach after the method of Edmunds and Cushny.@ 
The comparison of the various preparations of digitalis is made upon 
the percentage of rise in blood pressure which followed the injection 
of 1 c. c. of the various solutions when diluted with normal salt solu- 
tion to tincture strength. Only one preparation could be used upon 
one animal, and from two to four animals were used for each prepa- 
ration in order that the average of the results obtained might more 
accurately represent the value of the drug used. The results of 
these experiments, which are tabulated in Table III, page 37, are sum- 
marized in the following table: 


TasLe VIIT.—Summary of results obtained on blood pressure.—Average per cent rise 
after 1 cubic centimeter doses intravenously. 


Preparation. bic 
seg SE, SSR Sa ee ee 99 
Se Pas ab ota xo Seii gd neces dost coc viiserbace--o- ee avadeepen 64 
Sea Ss eS eR ld a See lad soo abeedeedensasesuen 55 
he ated St Sor os Fe ne a= ote wd wee Sond ose heen wd Saweens 51 
EE os ee Ie BSE a cigs oc Doce Dea ee os ond ea cece ald week cecewecueeme 37 
Rese Ste Oe i S55 eek wpe dao ns ooh sen cde ace nck Gewese cos 35 
EO oars, et OSs js Soe a Us uel tages as get ace Pasé~s ddesneeabucns 33 
ee eI etre 2 fen carte cela orc oe ao cote too teis aw cle BSc es dea ce once nee datecaden 26 
ee SORA EPR ya a) on oO) Sen ME oho Bl wos woh oes edad oeeaw dace teeess 26 
ee = ck sd oe Sa was nines» vel eiiwlg deciow abe eas claseccenat wands 24 
ctf are tate how's oe ee oe «ns See nace eames ohbeceudeducunscawuds & 1-23 
1 Fall 


To enable a comparison to be made of the relative strengths of 
the different digitalis preparations as obtained by the different 
‘methods of assay employed, we have grouped all the findings in 


Table IX. 


Tapue IX.—Summary of results obtained by the several methods for the standardization 
of digitalis preparations. 


LETH AL- DOSE METHODS. 


Mice. Guinea pigs. Frogs (twelve-hour). Cats. 
mg. mg. G5: mg. 
Samiord INO. 1............ Anos. andi@o.-. 0.30 || BioW.and Co-. 0.015: || B. WuiandGo: 2 -~ 158 
mo. W.and Co............ 4 || H. B.andW.... .5 || Mulford No. 2.. .020 || P., D. and Co..... 171 
ee ce... Beit Merrell: 52.250 2e 26 1) Srend We 8. .027 || N. B. and Co...... 192 
Penieeete WV ....-....... 7-\| Mulford No.1...  .7 |] P., D. and Co.. .029 || Mulford No. 2..... 195 
eee rane. 25. 2..... S$.) 2: D- and! Co Sie |} H. B. and W:22..- 219 
Sen. b. and Co............. 9 || N. B. and Co 9 1 Sp: AIRED We on tc 242 
ch Soh Gq. sn. Piss 2. 9 | Merrell... =. Rese 252 
Digitalone No..1......... 22 || Lloyd Bros..... .9 Digitalone No. 3.. 280 
metaoyd Bros.............. 24 || Digitalone No.1. 5.0 Lloyd Bros. ...... 438 
y | xecabormiaes NorsoO1.5 | Digitalone No. 2.. 550 


@ Edmunds and Cushny, Laboratory Guide in Experimental Pharmacology, p. 12. b Lived. 
65051—Bull. 48—09—-4 
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TasLe 1X.—Summary of results silat by the several methods py the ste nd 
of digitalis preparations—Continued. te 


FROG-HEART METHODS. 


“ Focke.”’ Perfusion. 


One hour. 

Cie Vz. mi 

Miliord Nenls. {23 0.012 || Mulford No. 2:>-.. 2.60.0. 3.8 || H. B. and’ Woes ae Bs 
MOTO ING. ae.. Jo soe eee O16 || Ni By and ©0722-2222 eee 2.9-|| Mulford No: 255525-222e= 
Ro Wo BNE COn-: cs. see eee $0201) Bec Wend oe sees eee 2.7 || N. Be andCox 4 eee 
Po sand Ca. 3) ob: Wea O20 |) BBs and Wises see eee 2.7 || B. W. and C0222... eee 
Nand Gor ces nee ee 022°) Siang Dos. 2c see epee 2.41| P., D. and Calsgeae 
MURS Shae eee eee 024:||*Lloyd' Brose: «22... sesso 2.3:|) Scand Dose 
a aks SRG cele hook eas 025.41. Poe Dwand Goss eee 2.1 || Merrelli2- eee Pee 3 
er cG eases eee he ee . 027 Marréll 5 ¢.<. eo ee 2.1 || Lioyd Bros... 02.20i2. eae 
Reet Byes. oon gos . 030 Digitalone No. 3........ aa 
Digitalone No. 3.........-. 040 a 
BLOOD-PRESSURE METHOD. 
Per cent. 
Nv Band Co. 22 Seonks ot ee eee 99 || H. B. and W...2<:.--... eee 
RUORG IN Osa: cn ae carne Ce pe Ee ae ne 64 ||. Merrell . .....: 2.2.1.2 Glen eee 
Digitalone INO: 2s 6.2). see mere nee eee 55.|| Digitalone No.3. ..2-...leneeeeee eee 
Be eWoeaUGIC0. 25 kee cook ee ee OR ees 51-|| Lloyd Bros... .:.<~.- clon cee ee 
SS and COM ee eee ee eee 37 || Digitalone: No. 1..2-2. 22 see eee ee 
SONG Do. .6 ca. sdaee tisk eee ae ee eee 35 | 
| 
a Fall. 


Table X has been arranged from Table IX to show in a numerica 
way the relative position the preparations experimented with occupy 
The figures represent the relative position each preparation holds 
with reference to its activity as determined by the various method 
of assay. In case two preparations showed the same strength (a 
for instance the Concentrated tincture, B. W. and Co. and Digi 
Mulford on mice) they have been given equal ranking. 


TaBLE X.—Rearrangement of Table IX to show the relative activity of the following 
preparations as determined by the various methods of assay. 


Lethal dose methods. Frog heart methods. 
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aThe nentyits obtained by the twelve-hour method are not Sania because too few experiments ver 
carried out according to it to give the preparations their proper rank. 
b Lived. 
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DISCUSSION OF METHODS OF ASSAY. 


A superficial examination of the tables giving the summary of the 
results obtained would seem to indicate the practical worthlessness 
of the biological assay of digitalis preparations by the methods now 
in vogue. ‘This is especially emphasized by a comparison of Digitol 
and the Concentrated tincture made by Burroughs, Wellcome & Co. 
These give comparative values as follows: 
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_ Here are two preparations which according to the first test are of 
the same strength; by a second test one is half the strength of the 
other, and by a third method exactly the reverse relation is found. 
No explanation can be suggested for the results obtained on mice 
and*guinea pigs; there was no possibility of a mistake, as the results 
were confirmed on numerous animals as the tables show, and with 
different solutions made up on different days. A closer examination 
of the table shows that these results are certainly exceptional, the 
vast majority being more uniform, as, for example, the two prepara- 
tions named are shown by most of the methods to be the strongest 
of any of the specimens examined. Also comparing the four U. S. 
Pharmacopeeia fluid extracts made by Hance Brothers & White, Parke, 
Davis & Co., Nelson, Baker & Co., and Sharpe & Dohme, these were 
found by several of the methods to be of very nearly the same strength, 
differing not more than 25 per cent. Also the Digitalone prepara- 
tions and Lloyd’s Specific Medicine appear at the bottom of -the list 
in almost every table showing by every method their comparative 
weakness. 
There appears thus to be some slight uniformity in the results 
obtained by the different methods. This is indeed far from close, 
but this fact is not surprising when the factors concerned in the 
* different methods of assay are considered. In the first place it 
_ could hardly be expected that animals differing so widely as cats and 
- frogs, mice and guinea pigs would react exactly alike to the different 
preparations. The cause of death is not the same in the mice and 
guinea pigs as in the frogs and the cats under the conditions of our 
experiments. With frogs the action is always one upon the heart; 
also in the cats we maintained artificial respiration so that the figures 
obtained there indicate a cardiac action. On both mice and guinea 
pigs, however, the cause of death in probably every case is not due 


to an action upon the heart but upon the medulla. In-every animal we 
examined we found the heart beating after the respiration had stopped 
and it continued to beat as long as artificial respiration was maintained. 
It would not then be at all surprising if two solutions which showed 
a certain relationship when the cardiac action was concerned sho d 
show an entirely different relation when the central nervous system 
was the point of attack. One solution might be very weak in its — 
action upon the heart and yet contain decomposition products of 
digitalis whose typical action is upon the medulla and it would 
therefore appear unduly strong when judged by such a standard. 
For this reason we think that methods which employ as a standard the 
minimum lethal dose obtained upon the higher animals are not applicable 
to the physiological assay of the digitalis serves. | 

It is possible that still further complications would arise in using — 
such methods in that on certain animals of the same species some — 
would die from the cardiac effect and others from the medullary 
action. In some of the cats, for instance, distinct respiratory move- 
ments were seen after the heart had stopped and the blood pressure 
had fallen to zero; in others the respiration stopped first. As stated 
earlier, to avoid complications of this sort, in our experiments on cats 
we see employed artificial respiration. 

Comparing the toxic doses obtained upon cats and frogs (twelve- 
hour method) we have in both cases a cardiac actién and three of the 
four preparations show relatively the same activity; the Parke, Davis 
& Co. Fluid Extract alone being an exception. But that an exception | 
should occur is not to be wondered at when the differences between | 
the heart of the frog and that of the cat are considered. Also in the | 
blood pressure experiments on the cat we have to do with substances: 
acting upon the vessel walls as well as upon the heart and this neces- 
sarily introduces another factor as some of the digitalis active prin- 
ciples act more strongly upon vessel walls than others, and in two 
preparations of digitalis the active substances may not be present in — 
the same relative amounts. 

The “Focke” and the “one-hour” methods upon frogs might be 
thought to give a closer agreement, but here (aside from the diffi 
culties connected with Focke’s method which have been discussed) 
we have to deal with the question of ease of absorption. As has been 
pointed out by some earlier writers, in those methods in which the 
time element is very limited, a weak preparation with easily absorb: 
able constituents would appear stronger than a strong preparation — 
with constituents which are absorbed with difficulty. It would seem 
that such an objection might be of importance in the “‘ Focke”’ method, 
where from seven to twenty minutes only are allowed. As to whether 
it would play a part in the ‘one-hour’? method is of course possible 
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but not very probable, when it is remembered with what rapidity the 
action appears when digitoxin in solution is injected. 

The reason that the “frog’s heart profusion’’ method does not 
agree with the other frog methods is possibly due partly to the more 
uniform character of the solution of the poison in which the heart is 
bathed and also to the resinous precipitate which forms and falls to 
the bottom of the perfusion vessel and which no doubt contains some 
of the active constituents. 

From this short critical review of the different methods for stand- 
ardization it can easily be seen why no two methods of assay could be 
expected to give exactly the same relative values to a series of digi- 
talis preparations, especially when they are made according to radi- 
cally different methods, such differences as exist, for instance, be- 
tween a “Fat free” tincture and a ‘Specific medicine.”” The agree- 
ment is much closer when the preparations are made according to the 
‘same formula as we have in the case of the official fluid extracts. 
It would appear then most desirable if manufacturing houses could 
agree upon a certain method to be used which would insure the 
different preparations upon the market under the same name having 
the same potency. As to the choice of such a method difficulties . 
would arise, but certainly none which would appear insurmountable. 
~The method chosen should be as simple as possible, and above all an 
action upon the circulation should be taken as a standard of comparison 
rather than an action upon the nervous system. Judged by these rules, 
some of the methods now in use are not suitable for the purpose. 
_ First, we have the toxic action upon the higher animals, which 
should not be used for the reasons given earlier. The technical diffi- 
culties of the Focke method, together with the question of complete- 
ness of absorption, exclude it. The perfusion of the frog’s heart is 
also excluded for reasons mentioned and also because it requires more 
skill to. carry it out, and even then the variations in results are very 
great. The blood-pressure method upon cats and dogs commends 
itself on account of the close relation it sustains to the use of the drug 
in clinical practice. The objections consist in the difficulty of pro- 
curing these animals at times and also the necessity of carrying out 
repeated experiments to confirm the results, which a study of our 
tables show will vary very greatly. A dose of a certain preparation 
which in one animal may cause a rise of perhaps 70 or 80 per cent in 
blood pressure may in others not raise it more than one-quarter as 
much, but probably repeated tests will give reliable results. 
_ The toxic dose can also be obtained at the same time by using arti- 
ficial respiration, but, as our tables show, there need be no agreement 
‘between the two, and it therefore seems superfluous. This leaves, 
then, the two frog methods—the “ twelve-hour”’ toxic method and the 
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“one-hour”? method. As between them it is impossible to choose 
with any degree of accuracy. With the “one-hour’’ method we hay 
the advantage of there being no delay, it being possible to assay a 
preparation in three or four hours, and it probably takes fewer frogs 
than the “twelve-hour’’ method. On the other hand, with the latter | 
method, although taking four or five days to complete the assay, it 
need not interfere with other work, as the frogs can be injected late 
in the afternoon and examined Hee next morning. Between these 
two methods, then, as far as can be judged, it is largely a question of 
personal preference and convenience, at least in the light of our pres-_ 
ent knowledge. Our results do not show that they give the same rela-_ 
tive values to the four specimens examined by them, and as to which 
is correct it is impossible to say. They do roughly agree in that Bur- 
roughs, Wellcome & Co.’s Concentrated Tincture and Digitol are both 
stronger than the two fluid extracts of Parke, Davis & Co. and Sharpe 
& Dohme. This relationship is*confirmed by every other method 
which we employed, excepting that using the toxic dose as found on 
cats. It would not seem, therefore, to be unreasonable to suppose 
that such a relationship sorta orobably exist in man. 

As to the desirability of manufacturing houses standardizing their 
preparations belonging to the digitalis series there can be no question 

It is true that the official preparations examined herewith are ap- 
proximately of the same strength, but the crude drug obtained ir 
another year may represent altogether a different toxicity to that 
employed in the manufacture of these preparations, and the only way 
at present to avoid like variations in the tinctures and fluid extracts” 
is to standardize them by physiological methods. It is not claimed 
that such methods are infallible. They certainly are not, as we have 
shown; but, as we have also shown, most of the apparent discrepancies 
are due to the fact that actions upon quite different physiological 
functions are taken as a measure of activity. Such discrepancies can 
be avoided by the adoption of one or the other of these frog methods, 
and if it is thought necessary the results obtained can be confirmed 
by blood-pressure experiments upon cats or, preferably, dogs. 

We believe the chief point to be kept in mind is that, in spite of 
annoying individual discrepancies, there is a general agreement be- 
tween the various methods. This agreement, too,is much more com- 
plete in the case of those methods in which the toxic effect is due to 
an action upon the heart. A preparation found weak by one method 
appears weak by all methods, and one showing marked activity by 
one shows the same result in all. 

The second part of the research, that which is concerned with the 
different preparations, requires little to be added to that already 
given in the tables. We have arranged, howeyer, the different 
preparations in the order of their relative strengths as determined 


by the results obtained by all the methods of assay. Such a list is 
ound in Table XI. This is prepared from Table X by adding 
together the numbers denoting the relative position of each prepa- 
ation and dividing the sum by the number of assay methods used. 
Naturally the quotients thus found will stand in inverse ratio with 
the strength of the preparation. 

In this table the results obtained by the ‘twelve-hour” method 
on frogs were not used, as only four preparations were assayed 
according to it, so that no true ranking in relation to the results 
obtained by the other methods could be found. 
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Such a table as this we think, on the whole, represents very fairly 
the relative strengths of the different preparations examined. It 
represents the final conclusion drawn from a very large series of 
experiments, and on that account may be considered fairly accurate. 
_ There are only four preparations which would appear to require 
special mention. These are the normal tincture of digitalis made by 
William S. Merrell Chemical Company, of Cincinnati; digitalone 
made by Parke, Davis & Co., of Detroit; the specific medicine, 
digitalis made by Lloyd Bros., of Cincinnati, and tincture digitol 
made by H. K. Mulford & Co., of Philadelphia. Two bottles of 
digitol were examined. By the one-hour method on frogs they did 
‘not show the same strength, one requiring 0.012 c. ¢. to produce 
systolic stoppage of the heart in one hour and the other 0.016 c. ¢. 
(Table IX.) This preparation, as mentioned earlier, is ‘‘assayed, 
tested physiologically”’ and standardized to contain 0.025 gram 
_digitoxin in 100 ¢. ¢. 

_ The purified normal tincture of Merrell is said to be ‘‘a stand- 
-ardized neutral tincture of prime digitalis leaves freed from the irritat- 
ing fats and oils.”” In our tables the dose of this preparation was always 
calculated upon the basis of fluid extract strength, which is not cor- 
‘rect,as normal tinctures are said to be made from fresh leaves which 
are put into alcohol. Later the alcohol is expressed and by evapo- 
ration 1 kilo of the solution is made equivalent to 1 kilo of leaves. It 
is thus considerably weaker than a fluid extract on account of the 
moisture content of the fresh plant. But even calculated in this 


way it compares fairly well with the fluid extracts, especially by the 
‘toxic’? methods. The maximum dose recommended is about 
3 minims, or about the same as for a fluid extract. 

The ‘Specific Medicine” digitalis, made by Lloyd Bros., of Cin- 
cinnati, offered some difficulties on account of its high alcohol con- 
tent (SO per cent absolute). If this was evaporated off, a gummy 
resinous mass was left which was very hard to mix with water in such 
a way as to give uniform dosage. In many cases to avoid this 
trouble the solution was merely exposed in any open vessel at room 
temperature until part of the alcohol had evaporated, and the residue 
was then mixed with the water to get the desired dilution. The 
solutions thus obtained were always thoroughly shaken to insure ¢ 
uniform distribution of the precipitate. In one method, namely, the 
perfusion of the frog’s heart, it is not possible to get the full action of 
the drug, as the precipitate which forms when the drug is added to — 
the Ringer’s solution settles to the bottom of the bottle containing 
the perfusion fluid and only the soluble portion reaches the heart. — 
It is for this reason that the drug appears so much weaker by this 
method than by the other methods in which the animal receives the 
entire drug. The results of our experiments show that the prepara- 
tion is uniformly weaker than the pharmacopeeial fluid extracts. 
According to the label its strength is 480 grains to the fluid ounce. — 

In the advertising literature of this firm the effect upon the system 
of the ‘‘Specific Medicines”’ is said to be about double that of ordinary 
fluid extracts and the dose should not be more than one-half the 
usual dose of fluid extracts. The dose recommended on the bottle 
is from one-third minim to 1 minim every hour, which is certainly 
not less than that of a pharmacopeeial fluid extract. In general, 
its strength would appear to be about the same as the fluid extracts; 
it certainly is not stronger. § 

Three bottles of digitalone were examined. ‘This is said to be an 
aseptic nonalcoholic, permanent solution of digitalis of the same 
strength as the U.S. Pharmacopeeia tincture. Bottles Nos. 1 and 2 
were not essentially different in the character of the preparation 
contained. In both cases it possessed a peculiar, somewhat aro- 
matic odor, not exactly unpleasant, but somewhat sour. The 
fluids were both a dark brown and contained a rather heavy precipi- 
tate. Bottle No. 3, the odor was not as unpleasant, and somewhat 
suggested chloretone. The preparation was slightly lighter in color 
than an orange yellow, and contained a fairly abundant, fine white, 
flaky precipitate. ‘ 

Their relative physiological activity can be most clearly illustrated 
by three experiments upon frogs carried out under similar conditions 
the hearts being exposed and the drug being injected in relatively 
the same size doses. 
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DiaITaALONeE No. 1. 


August 17, 1908. Frog, 41 grams: 
11.25. Heart rate 27 in twenty seconds. 
11.29. Heart rate 28 in twenty seconds. 
11.30. Injected 2.05 c. c. digitalone No. 1; 0.05 ¢. ¢. per gram body weight. 
11.42. Heart rate 18 in twenty seconds. 
11.50. Heart rate 16 in twenty seconds. 
12.01. Heart rate 16 in twenty seconds. 
12.30. Heart rate 17 in twenty seconds. 
2.15. Heart rate 16 in twenty seconds; heart weak. 
4.30. Heart rate 16 in twenty seconds; dilates poorly and vety weak contraction. 


DIGITALONE No. 2. 


August 17, 1908. Frog, 40 grams: 
11.00. Heart rate 30 in twenty seconds. 
11.05. Heart rate 37 in twenty seconds. 
11.05. Injected 2 c. c. digitalone No. 2. 
11.10. Heart rate 15 (?) in thirty seconds; irregular peristaltic contractions. 
11.18. Heart rate 16 in twenty seconds; normal contractions. 
11.27. Heart rate 16 in twenty seconds. 
11.41. Heart rate 16 in twenty seconds; systole weak. 
11.50. Heart rate 16 in twenty seconds. 
12.30. Heart rate 15 in twenty seconds. 
2.15. Heart rate 17 in twenty seconds; weak. 
4.15. Heart rate 17 in twenty seconds; weak, dilating fairly well. 


DIGITALONE No. 3. 


August 17, 1908. Frog, 39 grams: 
10.55. Heart rate 26 in twenty seconds. 
11.01. Heart rate 26 in twenty seconds. 
11.02. Injected 1.95 c. c. digitalone No. 3. 
11.06. Heart rate 11 in twenty seconds; systole prolonged. 
11.12. Heart rate 10 in twenty seconds. 
11.16. Heart rate 16 in twenty seconds; dilates little. 
11.40. Heart rate 7 in twenty seconds, little dilatation. 
11.59. Ventricle in systole; auricles, rate 7 in twenty seconds. 
2.30. Auricle stopped; ventricle in systole. 
q Specimens Nos. 1 and 2 showed no digitalis action whatever, while No. 3 was quite 
weak. 


- To kill mice Digitalone No. 1 required from two and one-half to five 
times the dose that any other preparation examined required except- 
| Lloyd’s ‘‘Specific Medicine, digitalis.”’ On guinea pigs 2 milli- 
grams per kilogram body weight caused death, but as pointed out 
earlier it was a question whether this was due to the digitalis per se 
or to the effect of an injection under the skin of 12.5 c. ¢. of fluid con- 
taining chloretone and possibly digitalis decomposition products. 
he animal became comatose at once, showing no characteristic 
digitalis symptoms. Preparation No. 2, tested by the twelve-hour 
method on frogs, did not cause death in doses as high as 0.07 ¢. ¢. per 
eram body weight, while the preparations made according to the 
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other methods caused death in doses from one-quarter to one-half as 
large. In the one-hour method Digitalone No. 2, in doses four times 
as large as were given of the weakest and ten times as large as the 
strongest of the other (excepting Digitalone) preparations, failed to 
eall forth systolic standstill of the heart. Digitalone No. 3 seemed to 
be fairly active. By the one-hour method on frogs it was from one- 
third to two-thirds as strong .as the other preparations. Focke’s_ 
method was not very successful on account of the extremely large 
dose which would have required so much concentration on the water — 
bath to bring it*to a volume small enough to inject into the lymph_ 
sacs. This specimen failed to kill guinea pigs when used in doses 
twice as large as the average preparation required.. Injected anto 
rabbits Digitalone No. 1, instead of raising the blood pressure, lowered — 
it 23 per cent, the curve resembling that given by the nitrite series. — 
Digitalone No. 3 raised the blood pressure 26 per cent. . 

An interesting fact in connection with the value of the blood-pres- 
sure methods of assay is that Digitalone No. 2, which was shown by 
the exposed frog’s heart to be almost devoid of digitalis action, caused 
a rise of 55 per cent in the blood pressure of two cats. It might be — 
that some other substances are present (perhaps decomposition | 
products) which, possessing no cardiac effect, yet act on the vaso- 
motor system, probably upon the center. In specimen No. 1 other | 
changes in the solution must have occurred, as at each injection a fall — 
in blood pressure followed. The important conclusion to be drawn 
from these experiments is that Digitalone is not invariably a perma- 
nent solution. Those preparations which have decomposed are not 
only devoid of any digitalis action, but are distinctly harmful. A 
preparation which evidently had not deteriorated completely seemed _ 
to be about half the strength of an official tincture. q 


LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC 
| HEALTH AND MARINE-HOSPITAL SERVICE. 
j 


The Hygienic Laboratory was established in New York, at the Marine Hospital on 
Staten Island, August, 1887. It was transferred to Washington, with quarters in the 
Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 
was authorized by act of Congress, March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
Serv., Wash.| have been issued: 

_ *No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 
No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

; No. 5.—An investigation of a pathogenic microbe (B. typhi muriwm Danyz) applied 
to the destruction of rats. By M. J. Rosenau. 

_ *No. 6.—Disinfection against mosquitoes with formaldehyd and sulphur dioxid. 
By M. J. Rosenau. 

_ No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 
Francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography 
with simple apparatus, by H. B. Parker. 

| By act of Congress approved July 1, 1902, the name of the ‘‘ United States Marine- 
Hospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service of 
_the United States,’’ and three new divisions were added to the Hygienic Laboratory. 

Since the change of name of the Service the bulletins of the Hygienic Laboratory 
have been continued in the same numerical order, as follows: 

_ *No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
(Revised edition, March, 1904.) 

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 

Francis. 

*No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 
By M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 
the United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 
‘ton H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis 
-culicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 
John F. Anderson. 

_ No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 
J. McLaughlin. 

_ *No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau. 
_ *No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles. 

*No..18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (//. nana) in the United 
é States. By Brayton H. Ransom. 
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*No. 19.—A method for inoculating animals with precise amounts. By M. J 
Rosenau. ia 
*No. 20.—A zoological investigation into the cause, transmission, and source of 
Rocky Mountain ‘“‘spotted fever.’? By Ch. Wardell Stiles. 
No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on Ehr- 
lich’s normal serum). Official standard prepared under the act approved July 1, 1902. 
By M. J. Rosenau. ‘ 
*No. 22.—Chloride of zine as a deodorant, antiseptic, and germicide. By T. B._ 
McClintic. 4.4 

*No. 23.—Changes in the Pharmacopccia of the United States of America. Eighth — 
Decennial Revision. By Reid Hunt and Murray Galt Motter. | 

No. 24.—The International Code of Zoological Nomenclature as applied to medicine 
By Ch. Wardell Stiles. , 

No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 

No. 26.—On the stability of the oxidases and their conduct toward various reagents. — 
The conduct of phenolphthalein in the animal organism. A test for saccharin, and 
a simple method of distinguishing between cumarin and vanillin. The toxicity of — 
ozone and other oxidizing agents to lipase. The influence of chemical constitution on 
the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. £ 

No. 27.—The limitations of formaldehyde gas as a disinfectant with special reference _ 
to car sanitation. By Thomas B. McClintic. : 

*No. 28.—A statistical study of the prevalence of intestinal worms in man, By Ch. | 
Wardell Stiles and Philip E. Garrison. 

*No. 29.—A study of the cause of sudden death following the injection of ieee 
serum. By M. J. Rosenau and John F. Anderson. 2 

No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternal — 
transmission of immunity to diphtheria toxine and hypersusceptibility to horse serum | | 
in the same animal. By John F. Anderson. | 

No. 31.—Variations in the peroxidase activity of the blood in health and disease. BS 
By Joseph H. Kastle and Harold L. Amoss. . 

No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its bear- _ 
ing upon experimental gastric ulcer. By M. J. Rosenau and John F. Anderson. = 

No. 33.—Studies in experimental alcoholism. By Reid Hunt. 

No. 34.—I. Agamojfilaria georgiana n. sp., an apparently new roundworm parasite 
from the ankle of a negress. Il. The zoological characters of the roundworm genus 
Filaria Mueller, 1787. III. Three new American cases of infection of man with horse- 
hair worms (species Paragordius varius), with summary of all cases reported to date. 
By Ch. Wardell Stiles. 

*No. 35.—Report on the origin and prevalence of typhoid fever in the District of 
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Including 
articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimson.) 

No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. Rose 
nau and John F. Anderson. 

No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trema- 
toda and trematode diseases. By Ch. Wardell Stiles and Albert Hassall. 

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By. M. Je 
Rosenau and John F’. Anderson. . 

No. 39.—The anti-eptic and germicidal properties of solutions of formaldehyde a and 
their action upon toxines. By John F. Anderson. 

No. 40.—1. The occurrence of a proliferating cestode larva (Sparganum prolifera 
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen 
of Filaria restiformis Leidy, 1880=Agamomermis restiformis, by Ch. Wardell Stiles. 
3. Observations on two new parasitic trematode worms: Homalogaster philippinensi 
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n. sp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger. 
4. A reexamination of the original specimen of Tenia saginata abietina (Weinland, 
1858), by Ch. Wardell Stiles and Joseph Goldberger. 

*No. 41.—Milk and its relation to the public health. By various authors. 

No. 42.—The thermal death points of pathogenic micro-organisms in milk. By 
M. J. Rosenau. 

No. 43.—The standardization of tetanus antitoxin (an American unit established 
under authority of the act of July 1, 1902). By M. J. Rosenau and John F. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 

No. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John I. An- 
derson. 

No. 46.—Hepatozoon perniciosum (n. g. n. sp.); a haemogregarine pathogenic for 
white rats; with a description of the sexual cycle in the intermediate host, a mite 
(Lelaps echidninus). By W. W. Miller. 

No. 47.—Studies on Thyroid.—I. The Relation of Iodine to the Physiological 
_ Activity of Thyroid Preparations. By Reid Hunt and Atherton Seidell, 

No. 48.—The Physiological Standardization of Digitalis. By Charles Wallis 
Edmunds and Worth Hale. 

In citing these bulletins, beginning with No. 8, bibliographers and authors are 
requested to adopt the following abbreviations: Bull. No. , Hyg. Lab, U. 8. 
Pub. Health & Mar.-Hosp. Serv., Wash., pp. ——. 


MAILING LIST. 


The Service will enter into exchange of publications with medical and scientific 
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS FOR 
THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE ‘‘SURGEON-GENERAL, U. S. 
Pusuic HEALTH AND MaRINE-Hospitat SERVICE, WASHINGTON, D. C.,”? ExcEPT 
_ THOSE MARKED (*). 

The editions of the publications marked (*), available for distribution by the Sur- 
geon-General of the Public Health and Marine-Hospital Service, have been exhausted. 
Copies may, however, be obtained from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D. C., who sells publications at cost, and to whom 
requests for publications thus marked should be made. 
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